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PREFACE. 



Having already presented these Lectures, from day to day in the ^^ Traveller,'^ 
«o that they have been ext«^yfly ciroolated anoong the reading p«Ufo, we now 
accede to a wish very ^generally expressed, to furnish them in a pamphlet form ; so 
that they may be redd and istudied in a continuous form, and be more conveniently 
fire$erved for reference. 

In justice to Dr. Wyman it must be remembered, that the Lectures do not profess 
to be a complete system of Comparative Physiology ; the limits of the Lectures did 
not admit of this^ Moreovefr, they were given extemporaneously, when his engage- 
ments did not allow adequate time to altejr (he phraseology or correct the press, as 
he would otherwise have done ; and while the report is so full and so accurate, due 
allowance must be made for the occasional escape or misapprehension of a word or 
{phrase by the- reportep* 

AAer all allowances, these lectures will be read with great interests The punc- 
tuality with which they were attended, and the high commendations passed upon 
them by our most distinguished medical and scientific men, for their logical arrange- 
ment, clearness of illustration, and original views, sufficiently stamp their value. 

, They will furnish an excellent Text Book on Comparative Physiology, for the 
medical student ; and will open to the general reader a field for contemplation in tim 
highest degree amufnng and instructive^ 
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PROF. WYMAN'S 



LECTURES ON COMPARATIYE PHYSIOLOGY. 



LECTURE I. 



The Tarions races of the gntA series of beini^ of 
which the organic world is composed, may be 
studied in two different ways, and with two differ- 
ent objects in yiew. They may be examined in a 
state of inactivity— as dead bodies— with reference 
to their parely physical conditions. By the aid of 
the knife, they may be separated into the yarions 
organs of which they are made up. By the aid of 
the microscope, these organs may be resolved into 
the different tissues of which they are composed. 
And if the analysis be carried still further, by the 
aid of Chemistry, the ultimate elements of which 
they consist may be ascertained. 

The knowledge thus obtained, constitutes the 
science of Anatomy. But however perfectly these 
investigations may be pursued ; however skilfully 
the Anatomist may dissect; however nicely the 
Microscopist may observe; however accurately 
the Chemist may analyze— they, in the end, give us 
but an imperfect idea of the objects for which an- 
imal structures were created. To obtain a more 
perfect knowledge, they must be examined in a 
state of activity, during life. For the researches 
of the Anatomist will never demonstrate to us that 
a seed was intended to produce a perfect, organized 
being, or that muscular fibre was intended to con- 
tract, or that a nerve was intended to carry its pe- 
culiar influence to and from the nervous centres. 

In examining organized beings, during life, the 
various phenomena which they manifest must be 
observed. The different processes, of which they 
are the seat, must be investigated, ancf, if possible, 
.the laws according to which these processes take 
place must be determined. The knowledge thus 
obtained constitutes the science of Physiology. 
Thus we have this broad distinction between Anat< 
omj and Physiology. Am^omy makes ns ac- 
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quainted with the different structures,their position, 
composition, and their physical relations ; while 
Physiology, on the other hand, makes us acquaint- 
ed with the uses to which these different parts are 
subservient. Anatomy makes known to us the 
means;. Physiology, the ends. To illustrate this 
distinction, I will not detain you longer than to 
cite a single illustration. Suppose that we have 
for examination, a muscle. Anatomically consid- 
ered, we should find a muscle to have a certain 
position in the^body ; to have a certain form ; to 
be made up of fibres of a definite size and shaoe, 
and to be attached to certain parts. But the uses 
of it, Anatomy would never teach. To learn this, 
we must examine it while in action— during life. 
Then, we not only find that it has the power of 
contraction, but may go still farther, and learn the 
use to which that contraction is subservient Anat- 
omy stops where Physiology begins. And yet, 
though quite distinct, they are obviously not to be 
separated from each other. To attempt to under- 
stand the animal kingdom, anatomically, without 
an acquaintance with Physiology, would be the 
same as if we should study all the details of a ma- 
chine, without any idea of the use for which that 
machine waft constructed. And. on the other hand, 
to study Physiology, without Anatomy, would be 
like studying the result of the action of the ma- 
chine, without knowing the means by which they 
are brought about. 

These two sciences. Physiology and Anatomy, 
take cognizance of all organized beiogs, and if 
carried to perfection, would enable us to under- 
stand the plan of the organic living world. These 
sciences may have, however, a more limited ac- 
ceptation ; they may be applied to a single por- 
tion of the organic world ; so that we have an 
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Anatomy and Physiology of plants; an Anatomy 
and Physioloisy of animals ; and if they be still 
more limited, we may have the Anatomy and 
Physiology of a single being, as of the human be- 
ing. 

Comparative Anatomy and Physiology are 
the sciences which make us acquainted with 
the anatomical and physiological relations of living 
beings to each other. But to stndy tim phenom- 
ena manifested by a single individual would give 
us an Idea of the organic world, as imperfect as 
that which an astronomer would obtain of the 
slderlal system, by studying the motions and phe- 
nomena of a single , planet. It is not true that 
there exists, strictly speaking, a Plgrsi^lqgy a9 of 
man, peculiar to a single being. Examine any 
one organ, and the processes of which it is the 
seat, in a given animal, then refer to any other 
being in the animal series, and you will generally 
find the organ and its processes repeated. Exam- 
ine the process of respiration, as it exists in man 
and in those animals nearly allied to him. and it 
will be seen that so far as regards the essential 
process, it is one and the same in all, though the 
manner In which it is carried out may vary to a 
considerable degree in the different races. 

In the present course of lectures, I shall endeavor 
to explain the more important processes of which 
the members of the animal kingdom are the seat, 
and to describe their structures In so far as will 
enable us to understand the means by which these 
various processes are effected. As we pass them 
in review, we shall find that light will be obtained, 
which enable&us to determine more definitely than 
by any other means, the truth with regard to the 
uses of various parts of the human body. 

By the researches of the Comparative Physiol- 
ogist. It has been shown that the animal kingdom 
is subdivided Into certain great groups, and that 
all the members of those groups are constructed 
on one and the same plan. It has also been shown 
that, as we pass from one to another of the mem- 
bers of a group, this plan is modified In its details. 
And It has been stlU further shown.that this change 
of plan Is always attended with some modification 
of f auction. If this be true— that a general plan of 
structure exists in all the members of a group, and 
that when this Is changed, there is some mo4- 
iflcation of the processes of which the organ is 
the seat^then it will be seen that Comparative 
Anatomy and Physiology are susceptible o^ prac- 
tical application. 

Suppose you wish to determine the relative im- 
portance of any one of the organs of the human 
body. You have only to look at the animal series, 
and you will see It In every variety of complica- 
tions. There Is no one part of the economy in 
which this is better seen than In determining the 
relative value of the different portions of the ner- 
vous system. Bat, as we shall have many instan- 
ces of the practical application of Comparative 
Anatomy and Physiology, I will give but two illus- 



trations. Suppose yon wish to show the Klative 
importance of a certain portion of the brain. In 
comparing the brains of Yertebrated animals, it Is 
found that there are certain parta which are re- 
garded as fundamental and are universally pres- 
ent. Beginning with the fishes, they are the fol- 
lowing:— There is one nervous mass, or ganglion, 
forming the posterior part of the brain, called the 
Cerebellum ; itt Aont of this, a pair of ganglia, 
the Optic Lobes; in Aront of these, a second pair, 
called the Cerebral Lobes, whidi give off no nerves. 
Go a little farther, and you find an anterior pair, 
which give off nerves presiding over the sense of 
smell. With the exception of a few other parts, 
but imperfectly known, these sreJtie ftandamental 
portions of the brain. As you pass to the higher 
forms, you find certain modifications. The ner- 
vous masses which we have just described, rep- 
resent the brain of the Fish, where all the parts are 
very nearly of the same size. We now pass to the 
next lowest division of the Yertebrated animals, 
which is that of Reptiles, where the nervous masses 
are about the same as in the Fish. The same parts 
are repeated, but the cerebral lobes are of an in- 
creased size. 

Passing to the class of Birds, you find that the 
first part, the Olfactory Lobes, as well as the third, 
the Optic, are almost removed Ax>m sight, In con- 
sequence of the second, the Cerebral Lobes being 
so much larger than In the preceding class ; and 
behind these, we find the fourth, or Cerebellum, as 
before. 

Going a little higher, we pass to the class of 
Mammals; where we find that the parts which 
have been so constantly on the increase, have ac- 
quired a still greater development ; so that we only 
have exposed to view, when looking at them from 
above, the Cerebral lobes and the C<A%belIum. To 
go still higher, yon find that in looking at the 
brain, from a similar point of view, in Man, that 
the Cerebral Lobes are so astonishingly developed 
as to completely cover all the other parts, even 
the Cerebellum. These parts, which are constant- 
ly on the increase, are in relation to one of the 
functions of the brain, and that is intelligence. IT 
there Is any one portion of the nervous system in 
which Physiologists are agreed, as being the seat 
of intelligence, that portion is the one composed 
of the Cerebral Lobes, which, as yon have seen, ac- 
quires its maximum of development In Man. 

One other thing Is necessary for us to consider. 
In studying the organs, as they exist in the animal 
series, we are not only enabled to determine the 
relation of parts to ftmctions, but are enabled to 
analyze a complex organ, and determine what Is 
essential, and^what is superadded to render it more 
derfect. Let us take as an example, the hunvan 
Ear. The Ear consists, In Man and in the higher 
Mammals, of an external portion, then of a tube ; 
within this of a vibrating membrane, stretched 
across the tympanum ; and internally a sac con- 
taining fluid, and in wbieh the nerves are dfstrib- 
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ttted, Then there are three semi-dniiUtf <caiiat8 
ooxuected with the sac, and a spiral body called 
the Cochlea. Now, it remains to be determined, 
which of these many parts is essential, and which 
■aperadded, or only accessoiy. Stfppose that you 
haye ail laimals arranged in a series ; and as yon 
pass from the higher to the lower forms, yon will 
find that one afi^r another of these parts is re- 
moved, untU, at last, only a single portion remains. 
In the Whales or Cetaceans yon find that the ex- 
ternal portion has disappeared, so thitt the canal 
mexely communicates with the snrface, without an 
external apparatus to collect the sound. Next, in 
Birds, the outer portion has not only disappeared, 
but a portion of the tube communicating extemal- 
]y. And in Beptiles, the external ear and canal 
both disappear, and the ribrating tympanum is on 
the surface, and the Cochlea is diminished. Pass 
from animals breathing in the air, to those breath- 
ing in the water, and it will be found, in addition 
to the aboyementioned parts, that the rilnrating 
membrane and tympanum, and one of the semi- 
circular canals are no longer present* Passing 
still lower than this, to animals belonging to the 
class of Articulata, to the Crustacean, you find 
that all haye disappeared, except the sac contain- 
ing the fluid, and branches of the nenre. So that 
we haye left, at last, only the essential part of an 
Ear— that which is absolutely necessary to the re- 
ception of sound— the sac with its fluid, with the 
neryes branching upon its walls. 

Physiologists, within the last half century, whose 
attention has been strongly turned to the deter- 
mination of the uses of the different parts of the 
economy, haye had recourse to experiments upon 
Hying animals. This is now no longer necessaiy 
or justifiable ; for, as Cuyier has beautifully ex- 
pressed it, " when you have the animal series, with 
Its eyer-yarying forms, all arranged before you, 
you have only to pass your eye along its different 
members, and you haye experiments already pre- 
pared to your hand, by Nature herself, who at the 
same time, points out their yart>us results.** 

The subject of the present course of lectures, as 
I haye already stated, is intended to take into con- 
sideration the uses towhich the organs of the animal 
, series are subservient ; and the question arises, at 
the outset, as to the limit of this series. With re- 
gard to the higher forms, there can be no difficulty 
in distinguishing whether they belong to the Ani- 
mal or the Tegetable Kingdom. But when you 
pass from the higher to the lower forms, it will be 
found that this is far from easy ; it will be very 
perplexing to ascertain where animal life ends, 
and where vegetable life begins. Turn to the 
text-books, and you will find that Botanists and 
Zoologists are constantly claiming certain forms, 
which have been from time to time alternately 
transferred from one kingdom to the other. The 
Sponge is a living being, which has been alter- 
nately claimed by the Zoologists and Botanists. 
It WAS ascertained that the elements which enter 
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hydrogen, earbon and nitrogen. Nitrogen waa 
not snppoaed to ester into the vegetable kingdom # 
And nitrogen being found in Sponges, was thought 
to entitle them to a place in the animal kingdom. 
Bat soon it was discovered that this ingredievt 
was found to enter into the composition of plants 
alaoi So the Sponge was passed to the other side 
«f the line. A distinguished English Physiologitt, 
Dr. Grant, in examining its organization, ^found 
that the seeds have the power of moving aboat, by 
the aid of vibrating cilia, as is the case with the 
infosorial Animalcules* Thus the Sponge was 
transflerred to the animal kingdom. Subsequent- 
ly, It was found that Plants have this same locomo* 
tive power, and the Sponge was passed again to 
the other side of the line, where it will, in ail prob- 
ability, for the future, remain. 

If we proceed upon the correct prtnciplea of das- 
siflcatlon, there ought not to be much difficulty in 
finding the limits of the animal series* Now if its 
members are arranged in series, at one extreme 
WB shall have the higher forms-^at the head of 
them Man — and at the other, the simplest forms of 
antaial existence. 

If, on the other hand, we arrange the Tegetable 
Kingdom, we find that its members, as they be^* 
come more simple, approach nearer and nearer to 
the animal kingdom. Now, how shall we draw the 
line between 4he two? To answer this question, 
we must ascertain first, what are the characters 
universaUy present in the organic world. 

All animals and vegetables are characterized by 
the process otNtUrition. Minerals, as well as or- 
ganized beings grow^but they are not nourishedt 
but increase in size in quite a different manner. 
Suppose you have a crystal, which is to grow 
How is a crystal increased in its size ? Simply by 
the superaddition of new particles on the outside 
of those already existing. But, suppose a living 
being, of the simplest kind, has an increase of size. 
It is not by the addition of new matter vpan the 
sitrface, but by interposing the new particles be- 
tween those which already form its substance- 
Nutrition is regarded as one of the common prop- . 
erties of animals and vegetables. 

Another property which all organized beings 
possess, is that of reproducing their kind. It hai^ 
always been a favorite theory with some PhysiolA 
ogists, that certain forms are produced spon^Bt-'. 
onsly; that there existed no being before them' 
which stood in the relation of a parent At one 
time, all the animals known as Infusoria, wertf 
thought to be formed in this way. Bat now there 
is no exception known to the general proposition 
which I have laid down— that all organized beings 
possess the property of reproduction. If there 
be any which are supposed to be exertions, it is 
because the whole history of the being is not 
known. So far as the individual history has been 
examined, it has been traced back to some pre- 
existing fprm. Thus far, we have no distincti^gi 
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Mswreen attiauds and plntt. AU are nourbhed— 
all haye the power of reprodnciDiir th«ir kind. 

The next most general property is that of Jfo* 
ti'on ; and this was supposed for a long time to be 
characteristic of the animal kingdom. Bat in ex- 
amining the germs of many plants, it is found 
tiiftt they are locomotiTe, and some of them loco- 
motive throughout their whole period of existence. 
Si motion itselfi as such, is not characteristic of 
animals, we have next to ascertain whether there 
is any difference between the kinds of motion 
which exist in the organic world. And in doing 
(bis, we find the first distinction between Animals 
and Plants ; and in order to understand this more 
fally, I shall call your attention to these diagrams 
for the purpose of explaining some motions in the 
Vegetable Kingdom ; and in order to get it more 
clearly, I would call your attention to a living 
form which is unquestionably a member of the 
FhAxz I. vegetable kingdom, (Plate I) 

and that is to a species of 
Conferva, which is a plani 
yery often seen in the sum- 
mer, floating on the surface of 
stagnant water. This plant is 
made up of cells. Some of 
these cells contain seeds, from 

fY which the whole plant is re- 

' produced. 

~ - It was found some yean 

since, by a Qerman Physiolo- 
gist. Agardh, that when these 

germs escaped, they began to move aboutin cir- 
cular tracks. In order that there might be no error 
about these moving particles being the spores 
of the plant, in order to show they were not 
animalcules, he watched them still ftirther,and 
found that after a certain time their form be- 
came elongated, that they became attached to 
the surface, increased in size, formed new cells, 
and finally reproduced the plant from which they 
were derived. So that there can be no question 
but that this is a plant, endowed, daring its 
early period of life, with tbe power of loco- 
mo^n. The cause of that locomotion was, until 
qaite recently, wholly unknown. But yery late» 
ly, Hicroscopists have discovered the cause.— 
It was found on examination, that there exists 
certain filaments (vibrating cilia) which are in 
hicessant motion. These are now known to ex- 
ist very widely, not only in plants, but in animals. 
In another plant called Vaucheria, the cilia, in- 
stead of being attached to one end of the spore, as 
in Coaferva, surround the whole circumference.*— 
Thus we have unequiyocal evidence of locomotion 
in the vegetable kingdom, and that motion produ- 
ced by vibrating cilia. There is no evidence of the 
existence of will in connection with any of these 
movements. And there is another proof that they 
are involnntery, in the fact that they are inces- 
sant. All voluntary motions intermit after a cer- 
tain time. 
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Kow, I will call yonr atteti* 
tention to the little animal oi* 
organised being (Plate It) 
seen here. This is the fVesh 
water Polyp, or Hydra. It 
consists of a cylindrical body* 
with arms extending around 
one of the extremities.—- 
This being is also capable of 
motion, but motion of a dif- 
ferent character. Suppose a grain of sand is drop* 
ped so as to come in contact with its arms. The mo- 
ment it is touched the armn are drawn back,and the 
Platb III. animal assumes the form you se0 
here, (Plate IH). Bat instead of a 
grain of sand, suppose an animal- 
cale comes in contact with one of 
these arms, it does not withdraw 
the arms, but clasps them around 
the animal and carries it towards 
the interior of the body. Here you 
have a motion entirely different. This motion shows 
an intelligence,!which discriminates-^that is to say, 
avoids one object and seizes another. If you ex- 
amine any movements of plants, you do not find 
that anything similar to this exists. 

Ton may have seen the animals on the sea shore 
known as the Sea Anemone—an animal proper 
having a cylindrical body* similar to the Hydra 
but with more numerous arms. A few particles 
of sand being dropped on these, they gradually 
work them out, and throw them off. Bat if an 
Animalcule comes in contact with them, it is grad- 
ually worked towards the centre, where is situated 
the mouth. Thus a substance that would harm it, 
or be useless to it, is rejected, and an animal which 
can nourish it, is retained. We have here, then, 
not only motion, but voluntary motion, which is 
characteristic of animals. 

There is still another characteristic which is met 
with in the animal kingdom, and which voluntary 
motion presupposes. That is, tSensation—noi only 
of recognizing the presence of objects, but of per- 
ceiving the different kinds. Of this you have evi' 
deuce in the motions of the Hydra. If a body 
which comes in contact with it, is incapable of 
serving a usefhl purpose, it is rejected ; if it is ca- 
pable of so doing, then it is appropriated. 

There must exist, then, some means of distin- 
guishing between the bodies which are useless 
and those which are useful : that is sensation.-* 
Sensation and voluntary motion may be regarded 
as being universally present in this portion of the 
organic world. 

There is stiU another character to be derived 
from the manner in which the two groups are 
nourished. Plants are nourished solely by the 
absorption of nutritive matter through their outer 
surface. Suppose yon have the leaves, stem and 
roots of a plant. (These the Professor figured on 
the black board.) Kow, the absorption of the 
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iuiiirishm«tifcUlE«f ptaute tim>ttirl» tlie enftrome por- 
Ykma of the roots or the leaves. Bat, in the simplest 
iMiDffs in which sensation and volnntary motion 
«re foand^ yoa wili find a different method of in- 
trodnchig natritire matter^ ^he arms of the 
PUm IV. Hy^jy^ i^pj^jg rV) encircle a cen- 
tral openinir, which is coniiected 
with a sac (stomach) in thednte- 
rior of the animal, into which 
the nntritiye substances are in- 
trodaced, and then are dissolved; 
and finally are appropriated to 
the sustenance of the body. So 
that this digestive cavity or sto- 
mach may be regarded as an- 
other characteristic of that gronp 
atomaeh of a Polyp, in which volnntaiy motion ex^ 
Ists-^that is of the Animal Kingdom. 

In applying the distinctions which are tbos 
made, we are enabled to assign a true place to 
many forms which have been regarded as belong- 
ing to the animal series by some, and to the vege- 
table series by others. It is highly probable that 
a great number of Infhsorial Animalcales,so called, 
will be hereafter transferred to the Vegetable King- 
dom, the peculiarities of which, and none others, 
they have been found, by the most recent inves- 
tigations, to possess. Here is the figure of a 
PUii V. globular being (Plate V) 

which is known under the 
name of Volvox. With 
the aid of its .vibrating 
cilia, it moviBs incessantly, 
and in consequence of ita 
moving about so freely in 
every direction, it has 
been regarded as belong- 
ing to the Animal King- 
Vohox, dom. In the figure before 

^ou is exhibited the whole history of the «nimal. 
Developing within Itself certain rounded mass- 
es, these grow till they acquire a certain size, 
when the parent ruptures, and they are set 
free. The rounded masses thus set free, 
grow till they acquire their full size, when 
they, in turn, go through the s^me phases as the 
parent from which they were derived. Now, there 
Is nothing like voluntary motion here— there Is no 
evidence of sensation ; and as for the vibrating 
cilia, ihey are no more than is met with in the 
spores of Conferva and Vaucherla. 

The spores of the Sponge, although fireely lo- 
comotive, yet its motions are the result, as in the 
preceding instances, of vibrating cilia. 

Another, though less exact distinction be- 
tween the members of the Animal and Vegetable 
Kingdom, is the relation which they have to the 
atmosphere by which they are surrounded. The 
atmosphere is made up of oxygen and nitrogen. 
It also contahis a certain quantity of water, either 
In the form t)f water, or of vapor of water.— 
Theit is stiHanether element, carbon, which ex- 




ists In thB form of carbonlo add, tat hi a UmltaA 
quantity. 

Kow Plants derive their noiMshment directly 
firom the atmosphere, receiving it in an eiementa* 
ry and an unorganized form, and^nbseqnently 
convert it into the various tissues of which th^ 
are made up. These tissues, or analogies, give at 
the proximate elements ^sngar, starch,* gum^ 
vegetable fibrine-^vegetabie albumen, &c. 

Now turn to the Animal Kingdom. Prom whait 
does it derive its nourishment? Almost entirely 
Arom the organized substances contained hi Plants^ 
drawing nothing from the atmosphere except ox- 
ygen, which is introduced in the process of respi* 
ration. The proximate elements, sugar, starch, 
gum, &c. are consumed by animals and appear in 
them, in the form of muscafa&r fibre, nerve, bon« 
and the various tissues of the body. 

We have next to ask, what is the relation of th« 
Animal Kingdom to tiie atmosphere? It gets 
nothing from it but the oxygen, for the purposes 
of respiration. Does it give anything back to it f 

Before entering into the consideration of tin 
classificflLtion of the various functions, I would oail 
your attention to one more subject. We have the 
functions of animals to be described, and before 
we commence; it will be necessary to say a few 
words with regard to their principal subdivisions. 

Animali^ are constantly giving back to the at- 
mosphere carbon, in the form of carbonic acid ; 
nitrogen and hydrogen, in the form of ammonia { 
oxygen and hydrogen In the form of water, or the 
vapor of water— precisely the ingredients which 
the plants have withdrawn f^om it. Thus the two 
kingdoms may be regarded ^as antagonising each 
other, when their relation to the atmosphere is 
taken into consideration. By arranging in a tab^ 
ular form the characteristics of the two kingdoms 
we shall find each presenting the foliovring prop- 
erties^ 



Animala* 
Motions voluntary. 
Sensible. 
Bigesti^e cavity. 
Nourished by organic mat- 
ter. 
CoDsame organio elements. 

Starch. 

Sugar. 

Oum. 

Pibrine. 

Albumen. 

Previous to the time 



Fiants. 
Motions involuntary. 
Insensible. 
No digestive cavity. 
Nouridlied by inorganic 

matter. 
Produce organic elements 

Starch^ 

Sugar. 

Oum. 

Pibrine. 

Albumen. 

of Cuvier, the Animal 



Kingdom was divided into many groups which 
were not natural. Cuvier undertook to arrange 
them all according to their organization— to ar] 
range in one and the same great group, all those 
animals which seem to be constructed on one and 
the same general plan ; and In passing them in re- 
view it was found that there existed four great 
plans of organization. 

Of one of these we have already had an instance 
in the Hydra, (Plate III) a fresh water Polyp, con- 
sisting of arms, arranged around an axis, radiating 
Arom it, as from a centre. A similar arrangement 
exists in Star Pishes. The members of this aeries 
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iMd «lt iln ffm^te of ihMgHiU fltoopk Otvitr 

called Badlata. 

OBiNMiBff MidMriiplftthc fail«,Hi«uf««nd 
thai anolher ipmip imsealecl UMlf bo lonirer it- 
itiiledt bat iMde up of a witei of rfaigf anraagtd 
OM behind the other, as aeev la the Barth Wonur 
wheie tber m exoeediaKlj eimplt, prorided with 
lofli for walkinff^ in the €foiitipede,or with the ad" 
dlttoiiofwiiue*Arf|rii|s,aolaIaieet8. These are 
eelledArttciriatedaBiakele. The expveieloa leper- 
hape aot abeolittely coireet, beeaoee it eappofei 
tiiat Joints do not eslst In other aninale. **ABaQ* 
lated/'or Btnued anlawtto, is a mneb nM>re appro- 
priate ezpresiioB. 

Faasing f viiher, we hare another grevp of anl' 
selSr bnt mndi aoreTarledha their form, aotpre^ 
•entinff any estemal dlTision into a serlet of rii^iBt 
nor are they radiated ae Is the FOlypi as repre* 
eented te Plate IL Althoaffh the anas may 
hare a radiated form in some, ae in tlie hiffaeat, 
the KavtUos, yet the IntegBvents and nerrans isya- 
tem do notr Thoh^tissnee we exeeedtaj^ soft and 
watery,and in eoneeqnencolhey are 



ThehiflheetcranpleobaDaflleiMt Ifi^tiath 
teneeof a ehato of honea, or Teitehrff, whkh nol 
only eer^e to irkve point! of resistanee to the mne' 
«lea» bnt ftnrm a eanal for the protection of th0 
nenrons eentree« To thoTertebral colamn anr 
added appendaxee in the fonnof rIbSfanB8,legs^ 
&C. Bat as the Tertebralcolnmn was the only part 
of the skeleton inTarlably present in this xroap of 
animals, they were denominated Tertebrata. 

The nerrons system presents it peenliar form for 
each one c»f these ipronpe i and the appearaaeee 
which tite embryos of the members of this ftronp 
present, are eqnaUy characteristic. 

Tho followinir, then, aie the prlmaiy snbdlriS' 
ions of the Animal Kingdoms 

h Badiato indhidfaig Pblypi, Jelly-flshes#Btar- 
ilshes. 

n. Artlcnlsta— inchiding Worms, Insects, €kab^ 
opiders* 

m. Mollnsca— faielndinf seTcralprlncipal form% 
riz., animals like the Kantilns, Snail, Oyster. 

IV. Yertehvata— MammalB, Birds, Beptiles,KshK 
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LECTURE II, 



In the last lecture I attempted to draw a distinct 
Hon between the menkbers of the animal and the 
Tcgefcable kingdonuk This distinction was drawn 
for the purpose of ff iring as a definition of an anl- 
ntal, and for establishing a point of departure in 
the consideration of the yarions proceises of which 
aninmls are the seat Inhere was still another ob- 
ject in riew; for by establishing tbie line of separ- 
ation apd getting the definition of an animal, we 
hate also a meaneof forming a ehusification of the 
rarious functions of which animals are the seat. 

It will be recollected that in considering the ra- 
riotts functions of organized beings, some were 
found to be nnlversal^ Nutrition and reproduction 
exist not only in the animal, bnt in the vegetable 
series. Motion was found to exist in both series, 
but not universally in the vegetable. So that mo* 
ticm in itself could not be regarded as a distinctive 
character of animals^ The next point was the kind 
of ntotiott. Toluntary motion alone was found in 
animalSr whereaa all movements in plants were 
Involuntary. 

In classifying these varioos fanctions,they are ar- 
ranged by Physiologists in two distinct groups. 
In one group are arranged all those ftmctions 
which are found both in animals and vegetaibles— 
hs aU organiaed beings; in the other gvonp are 



arranged aU those which are met with on|f hi 
animals. This classification may be thns reprv' 
^sented:;. 



^'unctions 



rHi^,t- fNutritton, 
^^"W*"'* ( aeprodnetion. 

Animal fg^atloB. 



There is an oluectidn to calling the first groupr 
Vegetative fhnctions, a term used by Btchat and 
the French Physiologists, becauee this wonld seem 
to imply that tbes^ processes are met with only iir 
the Vegetable Kingdom, whereas they are eommoir 
to both— are universal among organized beings. 

In studying the various phenomena, of whicb 
the lowest animal is the seat, we shall find many 
processes analogoas to thoee which are met with 
in the higher races of animals, but reduced to their 
greatest simplicity. 

Nutrition is eaeentiallp the same in the Polyp aa 
in man, though the means by which it is effected 
in the two vary exceedingly In their complexity.— 
In the Polyp, (Plate II > the nutritive apparatus 
consists only of a stomach } but in the higher ani^ 
mals we have superadded parts for the mechanical 
separation of the food, others for tts solutionilandi 
others fwr its introdaetion into the systems Buti» 
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MiA thtn AtfolT^ it ii ftlMofbod flod a]>propiiftled 
wltbottt the aid of yessels or any complex tippt* 
ratnt. 

As m ascend la tbe scale, we flod, besides tbose 
proceMes whidi are sabseryient to tlie mere dise»- 
tion^the solution of the ty)od--others which are 
tfobseryieBt to it, transferred to the different 
parts of the body. And this brinifs to our eonsid«> 
oration another series of organs—the Tascohur sys^ 
tern— the blood-vessels. , These may be regarded 
as nntritiTe organs, because they are the carriers 
of nntritive fluid to diifcrent parts of tiie body. 

There are still others— those sabservient to the 
purification of the blood. The blood not only 
gives out that which is necessary for the nourish- 
ment- of the body, but also receives the cast-off 
particles ; and in order to separate these cast-off 
particles, which are li^nrions, we have organs for 
its purification, via., respiratory organs and organs 
for secretion ; or, as they are more generally call- 
ed, for excretion. So that, under this head of nu- 
trition we have arranged all those organs, whether 
* more complex, as in the higher animaiis, or more 
simple, as in the Polypi— subservient to the reno- 
vation of the different tissues of the body. 

With regard to the organs of motion, and tbose 
of sensation, those will all be arranged under an- 
other head, whether they be the simple sorface of 
tbe body, as is the case in the Polyp, or the com* 
plax apparatus which exists in the higher forms, 
as the organs of sense, and the whole system ot 
nerves and nervous centres. 

We shall have arranged in another group all 
those functions which are conoemed In moving 
tbe different parts on each other; and this may be 
contraotile tissoe, either associated with bones, 
an in the Vertebrates, or with an external skele- 
ton« as in the Invertebrate Animals. 

The order in which we treat of these fonctiofns is 
not very material. I propose to take up first, the 
function of motion, then that of nutrition, and af- 
terwards the ftmctions of the nervous system. 

The functions of the nervous system will be more 
readily understood afkerwe have considered some 
of the others. 

It should be borne in mind that we must not in- 
fbr that because an animal is low in the scale, that 
its motions are always inferior to those of an ani- 
mal higher in the scale; for we find that there is 
*^onstant variation in this respect. When one 
animal is said to be lower than another, it is not 
because Its motions, or «iy ens of its functions, are 
lower, but beeanse the totality of its functions are 
of an inferior grade ; and this is the only rule for 
.placing animals together in a series. ^Although a 
lioUnsk is higher th^ a fiadiate^nt in some In* 
etances the motions of the latter aMttlmfore com* 
plex than those of the former. ^ - '' ' 

In looking to the lowest animal form for the mo- 
tion of which it ia the seat, the Hydra is found 
not only capable of moving about in space, imt 



to^ hate the power tt nMviiifr dttRirent partis of tfr^ 
body npott each other. Every part h endowed 
with contractility; and although we cannot recog- 
niie a structure simitar, precisely, to muscola]* 
fibre, yet in the organs themselves we have a con* 
tractile tissue. Among the Radiated animals which 
we have assumed as tbe lowest group, there is a 
great variety in their powers of locomotion, ^qpgh 
in tbe main, the movements may ba saUIr fO. ^ 
quite slow, compared with those met with in the 
higher classes ; while the Polyp in many instances 
remains stationary, as In the Ck>ral animal, there 
are other members of this class which have the 
power of travelling about 

The apparatus of motion In the Star-Fishes is 
quite complex, while every part of the body in the 
Polyp is quite contractile. There are in the Star- 
Fishes and Echini certain organs set apart as mov- 
ing organs. Suppose that to represent one rsy of 
the Star-Fish; |the Professor here drew the figure 
on the black-boardj on making a section through it 
yon will find arranged along the Inside of the ray, 
a series of vesicles, extending through its whole 
length, and connected with a contractile cylinder, 
projecting through the shell. The vesicle and cy- 
linder are both filled with a fluid. These two lit- 
tle bodies are the two locomotive bodies of the 
Star-Fish. They may be moved about in various 
ways— may be projected backwards «r forwards, 
and be applied to any body that may be near, it 
Suppose the Star-Fish wishes to move— the cylin- 
der is projected, and the sucking disc with which 
it is provided at the free extnsmity, is attached to 
a neighboring body, and as it has the power of 
contracting, when it does contract, the animal is 
pulled along towards the point to which the cylin- 
drical fbot Is attached, just as a vessel is pulled 
along through the water by the throwing* out 
an anchor, and pulling the vessel towards it- 
Then the cylinder Is > taken up and extended for- 
wards again, and attached to another point, and 
by its contracting again, the animal is drawn fhr- 
ther along. 

There is still another form of motion,which, per- 
haps, might have been referred to, first of all, be- 
cause it is, in some respects, a kind of motion ef- 
fected by an inferior means, although it occurs in 
animals which are quite high up in the series. On 
this diagram are represented two figures of animals 
which are microscopic— which are invisible to the 
naked eye. One of them, the Yortteella, can be 
seen fixed to some substance in the water, being 
attached by a foot-stalk, which has the power of 
contracting. At the end of this, is situated the body 
of the animal itself, of a cupped shape; and upon 
the upper edge of this, bodies, which are similar 
to, if not identical with, vibrating cilia, such as 
have been shown to escist in plants. There is, 
however, this important difference, that while cil- 
iary motions of plants are continual, the locomo- 
tive cilia of animals may be arrested or set in mo- 
the Polyp, being introduced into a simple cavity 
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tkm agaiii at pleanure ; those of plants beiag inces- 
sant The YorticelU being attached to some sar- 
ronnding hodjtis incapable of moving in the water 
beyond the length of its foot-stallL. 

Flati VI. 




Rotifer. 

In the Rotifer, also, (Plate YI,) which is one of 
higher organization, yon will find that there is ar- 
rayed aronnd the upper part of one extremity, two 
crowns of yibratlng organs, precisely similar to 
those in the Yorticella ; and they are so arranged 
as to set in motion the water,~the current passing 
directly between them ;— so that when the animals 
on which they prey are drawn in, they are readily 
secured pj closing together the cups. 
|0f the Articulata, or animals made up of a 
series of rings, we have several representatives in 
these diagrams. First, a worm« in which the seg- 
ments of the body are provided with appendages* 
in the form of hairs or bristles. Here is another- 
the Centipede, (Plate YIL) Here are insects and, 
PiATi YII. here are Crustaceans* In exam- 
ining the simplest of these, the 
worms, we find that the whole 
body is made up of rings, without 
legs, unless they be represented by 
hairs. Here motion is effected by 
the successive changes of position 
of the rings. There is nothing 
analogous to that of walking.— 
But in the Centipede (Plate YII.) 
we find that each one of these is 
provided with a jointed appendage, 
which forms a leg, and each seg- 
ment of the body has its own leg, 
Centipede, just as each segment of the body, 
(as we shall see hereafter) has its own brain or 
ganglion. 

Among insects, the number of riogs provided with 
appendages is only three,v!z : the three rings follow, 
ing the head ; but they are modified in (orm, to 

give attachment to 
muscles moving 
the legs, where 
they alone exist, as 
in the Spectum ; or 
in addition to these 
the wings, as is the 
case in nearly all 
the members of 
this class, (Plate 
YIII). In Crusta- 
ceans, the same 
general structure 
prevails; in some 
JSghut/ormo/jnauL instanees, all the 
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rings art provided with legs; in otlktra only* 

limited nnmber— as is seen in these'diagrams, rep- 
resenting Brancbipns and Lucifer. 

The motions of liollusks are, in the main, ex- 
ceedingly simple. 

In many MoUusca which are fixed to some sab* 
stance in the water,, motion is effected only in the 
way that it is by the Infusorial Animalcule, and 
that is by vibrating Cilia. An Oyster which ia 
attached to aroclc, or to any other firm substance* 
does not move itself, but has the power of making 
the water to move, around it, which it does by 
means of vibrating Cilia. 

These different forms which I have referred to 
will give you some idea of the structure and of the 
different kinds of functions of motion in the Inver- 
tebrated animals. Still the description is very im- 
perfect, because the variety in this class of ani- 
mals is immense. 

Leaving the Invertebrate animals, we now call 
your attention more particularly to the organs of 
motion as they exist in the Yertebrata. The parts 
which are represented on the various diagrams 
[which the Professor exhibited,] constitute the me- 
chanical apparatus by which the moving power 
acts on different parts of the body. The bones of 
which the skeletons of Yertebrata are composed, 
are parts of the living organism, and are themselves 
alive— and in this respect differ Arom the corres- 
ponding parts of the invertebrate animals, which, 
once formed, completely lose their vitality, as is the 
case with the shells of MoUusks and the crust of in* 
sects and lobsters. The skeleton of the Yertebrateer 
iS the seat of changes which are continually going 
on. The bones are provided with blood vessels^ 
by which they are nourished ; for they are contin- 
ually undergoing changes, although very slowly. 

In order to form an idea of the skeleton, it will 
be perhaps desirable first of all, to call yonr atten- 
tion to the material out of which it is made — to 
the composition of bone. la order to give the- 
skeleton its necessary firmness and strength, bone 
is made up of a mixture of organic and inorganic 
matter— the proportion of these ingredients vary- 
ing extremely in different animals and in different 
periods of the life of the same animal. The prin- 
cipal organic ingredient is Cartilage, or at least a 
substance very nearly resembling it. The inorgan- 
ic portion is principally composed of Lime,chiefiy 
in the form of phosphate and carbonate. 

Here ave three similar bones from the arm.-— 
[The Prof. exhiMted the bones ta the aadienoe.1 
One of them is in ite perfect state, having all the 
power of resistance which it ever has. A seeond 
of precisely the same form, but which ^consists en- 
tirely of calcareous matter which enters into the , 
formi^on of the.bone, the animal substance hav- 
ing been entirely removed ; it will be seen that the 
bone has completely lost its power of resistance,, 
so that, with the slightest force, it breaks up into 
fragments, and has no flexibiU^. [The Prof, here 
broke the bone several times apparently with great 
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«a8e.] Hen Is anotber bone wblch has been trea* 
ted by acid. The form of tbe boUe is still perfect- 
ly pre8er7ed> thoaicb all the lime has been remoT- 
ed, and now the bone bends in every direction, bnt 
<loe8 not break. Here is another, treated in the 
same way, which has become perfectly flexible. 

Kow the solidity, or firmness of the bones re- 
sults from their containini; a certain portion of the 
organic and inorganic elements. That proportion 
yaries daring life.. In the earliest condition the 
bone is simply Cartilage. Afterwards the lime be- 
gins to be deposited. And in the human body, np 
to extreme old ^ge, the inorganic portion is con« 
tftantly on the increase. 

in studying the skeleton to determlbe its stmo 
tare in this class, ifyoa refer to the diagrams, yon 
will find that there is one portion which is always 
present in the Tertebrata, and that is the verte- 
bral column, and to which the other parts are 
merely appendages. Bat before entering upon 
the consideration of the skeleton as a whole, it 
will be worth while to call your attention to the 
structure of a Yertebra—* to ascertain what that is, 
and then we shall have a knowledge of its fanda- 
mental portion. 

Every vertebral element of the skeleton may be 
eaid to be made up of the following parts. First, 
there is a central part or bod^^ which gives it the 
power of supporting weight, or makes it a resist- 
ing centre for attaching the muscles. Kext above 
the body of the Vertebra is a canal. This serves 
for the lodgement of the spinal marrow; and above 
this is a process which is almost invariably pres- 
ent ; and on the sides here are other processes.— 
(The Prof, exhibited the enormous Vertebra of a 
Whale while making his descriptions.] Bat as 
this Vertebra comes from the portion of the skele- 
ton which is situated near the tail, it does not 
contain all the elements which are found fiarther 
forward. A complete Vertebra consists, in addi- 
tion to the parts above mentioned, of an inferior 
arch, formed by the ribs, with their appended 
cartilages, and between which is interposed the 
breastbone, as is represented in this diagram, 
where all the parts are seen. 

[Here the Professor exhibited a transverse sec- 
tion of the solid parts of the body,being the Verte- 
bras connected with the ribs and sternum]. The 
Inferior arch thus formed serving to lodge the 
blood-vessels, as in the tails of fishe*— the digestive 
organs, as in. the central part of the body, or the 
heart and respiratory organs, as in man. The whole 
skeleton may be regarded, setting aside the head, 
of which we shall speak hereafter, as a series of 
Yertebrss with an arch above and below. 

To analyse the skeleton a little farther, there ex- 
ist, besides these ribs, other appendages which, in 
fishes, are the radiments of the legs in the higher 
animals, as is shown in the skeleton of the Gar, or 
as in another specimen. The vertebral colamn is 
in the middle ; then the arch formed by the ribs ; 
then as appendages to one of these arches, are the 
2 



pLA.nIX. 




representatives of the legs, and to another, a pair 
of fins,which are the representatives of the arms. 

Here is represented the pectoral fin of a Fish, 
where we have an approach in the structure of the 
part to that which exists in the arms or legs of the 
higher animals. 

We have next to look at the skeleton and see 
how it is constituted, in order to make a locomo- 
tive apparatus. Among fishes the locomotion is 
effected almost entirely by swimming, as theyJiye 
in the water. And the organs corresponding to the 
extremities of other animals are reduced to the 
lowestdegree of simplicity. The locomotive organ, 
consists, in the fish, of a tail. 

The fins on the lower side, occapying the posi- 
tion of the legs and arms, are not trae locomotive 
organs* They serve only to modify the direction 
as the animal passes through the water, or may 
answer, as is more common, only for tl^e pur- 
pose of balancing the body. The fins above and 
below serve only as keels, and will prevent the 
Fish Arom sliding through the water, and going to 
lee-way when he changes his direction. 

We find some organs in some Fishes arranged 
for crawling*, as in the Cbeironectes, a Fish which 
crawls on the shore like a reptile. Then yon have, 
in the Flying Fishes, flns acting as wings, capable 
of snstainhig them for a short time, at least, above 
the water. So you see that swimming, crawl- 
ing and flying are met with in Fishes. 

In passing to tbe next highest group of verte- 
brated animals, we come to the Reptiles. 

The lowest of reptiles, as the Siren, are swim- 
mers, living in the water entirely, and swimming 
by the tail alone. But as we ascend higher we 
find the skeleton is provided with the means 
for walking on the land, as in the Croco- 
dile (Plate X), and in the .reptiles resembling the 
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Lizard. It is in reptiles we for the first time find 
the anterior fin assuming the form of a hand, so 
as to be able to grasp the surface over which they 
are moving. Bat still the body is only slightly 
raised above the ground— they simply crawl. 

Tlatm XI. 




iOiihUm ^ Rattle Snake. 
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Amonii leptllei, we Snd ht addttlon to those tb«t 
crawl upon Ibe Burface, tbu tberBore oilien which 
clM»,a»tbe<^niaelApai wd M.s« stlH' iiaJt*t, 
than Br* Unas which approKb to the B;iag of 
birds. There U one, a little Liurd, a few IncbcB 
lenfrtb, which it caHed the riring Drtsan. where 
the rlba are tioomted and corered with a 
membraae, ao ai to fbm a parachute like that of 
the firlni; Eqalrret ; and thla eaablet tliem I 
with ease from an eleTated pMltlm to a dtatam 
point bekiw. 

Bnt there b still a bifther kind of motjon than 
tbii among the claai of reptUes. We bare repre- 
Tun zn. HntedlMre(Fle(eXII) 

Hie restored skdeton 
of aa animal which 
does DM ezfat In the 
pieceni eosdltloD of 
tiia k'oIm- It Is onlj 
known En a fbsal! con; 
dition. GDTier, on ez- 
amlnlDR tbe bones as 
tber were presented to 
him. made an eSbrt Co 
determine their tnu 
talae. LooklBgat tbebeadlodatermlne whether 
il weia A bird, a reptile, or a qoadniped, it wu 
•bvloa* tbM It was not a qaadraped, from ttie feci 
that a bona wblch he dUcoTwed at tbe bete of the 
•knll, where the lower )aw Joins with tbe head, was 
a bone which exists onhf in tbe race of Mrcb or 
TCpUles. That it was not a bird, was shown from 
the het that It had teet*. Cnrter foand that tbe 
parts cMretpondlng to Che arms and legs were tim- 
Har to tbe Uzard's, ezceptone portion. There wm 
fbondto ba aserlesof bones connecled'With the 
hand, eztendliw for a long distance beyond Uie 
other fingers. The qneition natnntllr arose with 
regard to the nieof this part; and [n attempting to 
findansefor It, hefonnd something analogoiia to 
li In one of the higher animals, tIz., tbe Bat (Plate 
Pun im. xm). All the 

-other parti are 





tbe some plan 
as Lliards In 
f^narat, iHEh 
. the exception 
\ of Ibis Bnger, 
wblch extend- 
ed far bef ond 
SMUuno/Bm. the others; to 

serre according to Cnvier, for stretching a mem- 
brane exUndlofc IVom the fora arm to the side of 
die body — thus forming an expanded snrface for 
striking Che air. 

In rariewing the class of BeptUes. we bare the 
kindLof motion br which tberare cbaracterlwd: 
first sw4infQ'itX> then crawling ta. the grooDd, then 
cllmbb)|{. tben fifing Jn tbe air. There is a modi- 
fication of the skeleton 7e( |« benadced,whlchli 
reiy pecnliar. Ob looklpc at th« skeleton of a 



Tortqise, (he qaestion Terr nalntaUr arlief, wh* 
part of the skeleton enters Into tbe formation of 
tbe sbetl 1 On looking within, we find the rerte- 
braleolnmn extending along Uie whele length; 
4ud allncbed to It are tbe ribe, l)nt sn expanded 
that their edges meet and form a conthiDoas shell. 
In passing from the claai of ReptUes to that of 
Birds, we have tbe vertebral trpe still promlnenl- 
Tbe tjpleal motion of 'tb« Bird If QiU of flight.— 
The parts corresponding to those of th« arm, and 
the whole skeleton even, are modiited. In tha 
first place, we have to look at llie vertebral coliimii 
iMalf. Uanally the Tartebral coli^mn Is very fiex- 
Ible ; bnt here, as there is great leiistanca to be 
iBidBtained Ik coMeqssnce of the great mmcnlar 
power re^Ured for Sight, tbe vertebra of Ibe 
trtukaie so united together as to be bat very 
sUghDr moTsablei and the ribs which sMtaiathe 
breast bone, and to which tbe wings are attached, 
BM stronger than In anj tit tha other racei, eUhM* 
above or belew ]a rank 

With rcfard to tbe parts eomspoadingto tbo 
ann.tboBeare llkeirise modlfled MaTerrcoBsId' 
run ZIT. erabie utent Thns la 

tha Eagle, (Plate XIV.) 
wUdL Is the bird rank- 
ing the highest; we bavo 
the wing dlTldad into 
three parts ; we bava 
firK tbe arm, tben the 
fore-arm, andSnallj the 
bwid. We have otfaera 
inppoitlDg the hand 
wlthoat' baring a great 
snrfaoe exposed. Is 
looking tbroagb the 
Xsfli. skeletons of Birds with 

refereace to motion, we have the same kinds re- 
existed In Bepliles— beginning with tha 
Swimming Birds, with this difference, that BIrda 
swim bf their legs, and not by their tails. The 
so modlBed aa to form paddles, as in the 
Pragnln, and not wings for firing in the air.— 
others In which the power of walking 
alone exists, as In the Apterjx, which resembles 
TCiT mnch en Ostrich, tbe wings balnfg represented 
1^ the simplest rodtmenta. We have, then, 
Bb^ which are simply swimmMS, other* walk«n, 
and others flfers. 

Pun XT. 



Among Mammalia yon have the same kind of 

otiouB presented a* exists In Birds. There ex- 

UliJtHrlMorsDlBMls whose BoCfoBsare slnllar 
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to IhMt 0f Fifhes, m in tiM Whales ; uothir to 
IhMO of BepUlM, as is the Otter, which swims In 
the water^ bat on land, in consequence of its short 
leirs, draws its body adonft as the Crocodile does. 
Then we hare animals walkinir on ail fonrs, as the 
Bear. And finally, animate in which the skeleton 
is adapted to flyinir. But in Man we have the 
skeleton adapted fbrapecnttar kind of lecoaotiott, 
that of walklnfr erect on two points of snppon^ 
which exists in no other member of the anftnal 
eerles. Of the motions of Hammals, it is impos- 
sible to giro a thorough acconnt, in eonseqnenoe 



of their iftilnlie Vftft^ 'Of Miib ^ntl^lllnhk 
yonr attention to Mke t«^OttB ilg«^. [HMthA 
Prof, exhibited a ta^ number of diay^«tes, in* 
tended to represent modifltettons of ooifespond- 
iAg wsrts in dfiBBrent aotmais, which nt firftt Bi^ 
seem entirely dlwimilar]. ' 

(He silso exhibited nveries or diafframsgshowinjt 
Ae trnnsitton forms flrom the single finger Of n 
horse, intended merely tot hN»motlon and support, 
to the fiT« fingers of the llon,intended/br support, 
motion and eeising ; and from this to the hands of 
man intended for prehenston niid touch]. 



LECTURE III. 



In the last lecture, it was stated that the sub- 
stance, of which the skeleton of the Yertebrata was 
made diifers entirely from that of the inrertebrate 
animals, in being a part of the living body— the 
bones being supplied with blood-vessels, the parti- 
cles of which they are composed changing from 
time to time, though slowly. In reviewing the 
skeleton it was shown that the vertebral column 
formed a central axis, either for the support of the 
weight of the body, or forming a point of resist- 
ance for the muscles ; and above, there exists a 
canal lodging a spinal cord, and below, a series of 
arches formed by the ribs and the pelvis, for the 
lodgment of the blood-vessels and organs of respi- 
ration, circulation, and digestion. To these arches 
formed on the under side of the vertebrae, you have 
appendages which in fishes foreshadow arms and 
lef^, and on the higher animals, these same parts 
are modified with reference to the uses whlcb they 
have in the economy of the animal to which they 
belong. We have animals whose motions are ef- 
fected by the vertebral column alone, which is the 
case with fishes; but in the class above V^ese, as in 
reptiles, the arms and legs are capable of snstain- 
ing the weight of the body so as to enable them 
to crawl. 

In birds, the skeleton is modified with reference 
to flight, though some members of this class are 
purely swimmers, as the Pengubi. Among Mam- 
mals in the Vertebrated animals, all the kinds of 
motion met with in the lower classes are repeated. 
Heife we heve a Dugong, an animal allied to the 
Whales, locomotion being effected by the tail 
alone, the legs not being developed. Next, you 
have tiie Walrus, an aquatic animal; the verte- 
bral column not being subservient to the pur- 
pose of motion, but the arms and legs forming 
paddles. After that, you have the skeleton of a 



Polar Bear, (Plato XV) ; the body snstahied at a 
distance above the ground, and the h|inds capable 
of a much greater variety of motion than exists 
in any of the inferior forms. Here yon have an- 
other modification which exists in the Bat, (Plato 
Xni), where the skeleton remains the same as it 
is in the lower animals, except the hand is so 
modified as to form a wing. You have bones of 
the shoulder, of the arm, the fore arm, thoiivrist; 
but instead of the fingers, as they exist in other 
Mammals, they are elongated so as to form 
stretchers to the membrane by which they act 
upon the air. 

In passing from the Cetacean to the Bear, and 
still further, to the Orangs, you pass towards the 
conformation seen in the human body; butsUU 
there is a marked difference between all the 
inferior animals and man, and it is to these differ- 
ences that I wish to call your attention at the 
present time. 

I will commence with this proposition, that there 
is no animal, Man excepted, capable of standing 
erect on two feet Birds are no exception to this, 
for although they stand on two feet, yet the posi- 
tion of the vertebras is such as always to form an 
angle with a horizontal line; and at the same 
time, the legs are bent in a s^es of angles, and 
thus, though resting on two points of support, 
they do not yet stend erect Before contrasting 
the skeleton of Man with that of the lower ani- 
mals, I will say a few words with regard to those 
races which more nearly approach Man ; viz. the 
Orangs. There are five species of Orangs known 
at present two of which are met with in Africa 
and three in Asia, or the islands in the immediate 
vicinlty^Bomeo, Sumatra, Java. 

Of the African races there are two, but the one 
most commonly known is this (the Chimpanzee 
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Plate XVL) It dUfefi from tb« AsUtic species in 
tbe colpr of the sUn; the bak is nearly black, 
while that of the East India Orang is of a brown 
color. You will see the differenee in the sise of 
the ear of the two; in the last, it is qnite small, 
while in the African It is ejacessirelf developed, 
enlariped. The AArican Orang has prominent 
ridges over the eyeSf which are almost deficient 
in 'the Asiatic species; while the latter has arms 
reaching to the feet, (Plate XYIU, those of the Af- 
rican reach only to the knees, (Plate XVI.) 

In contrasting thA skeletons of these animals 
¥rith that of the human body, Linn»as, consider- 
ing only their anatomical character, confesses his 
inability to see any difference whatever. In his 
work entitled Fanna Suecfca, he says : '* hitherto, 
I have been unable to detect auy character by 
which a Man can be distinguished from an Orang." 

Before instituting comparisons of Man and the 
Orang with each other, I will call your attention 
to the different parts which exist in the human 
skeleton. They are, however, a repetition only of 
those parts which have been seen before. We 
have here, as in the whole Yertebrated series, a 
vertebral column, terminating above in the skull 
for the lodgement of the brain and the organs of 
sense, and giving attachments to the jaws. 

In studying the human skeleton with reference 
to its adaptation to the erect attitude, we have to 
enquire what is necessary in order that it may be 
balanced on the two feet. The centre of gravity 
of the whole body must fall either between the 
two surfaces of support or upon one of them ; and 
in oAer to obtain this end, the following condi- 
tions are necessary r first, that the head should 
be very nearly balanced on the vertebral column ; 
second, the curves of the vertebral column should 
be such, that the trunk shall be balanced on the 
heads of the thigh bones. The thigh bone and the 
two bones of the leg sbnuld be in one and the 
' same vertical plane ; and lastly, it is necessary that 
the foot should be so arranged as to form a right 
angle, or nearly so, with the leg. 

Let us examine the skeleton of the Orang, and 
see how far these characteristics exist. And first, 
with regard to the head. If you look at the under 
side of the skull you will see an opening, through 
which the spinal' marrow passes out, and on each 
side of this there are two articulating surfaces for 
uniting the head wfth the upper part of the vete- 
bral column. 

Now, ifyou look at the human skull, for the po- 
sition of that opening, at the base of the skull, you 
will see that the anterior edge Is very nearly in the 
centre of the base, but that the articulating pro- 
cesses are a little behind this point ; so that there 
is a tendency for it to tilt forward. But this tend- 
ency is counteracted partly by the situation of the 
larger portion of the brain behind this centre, 
the parts about the face being almost hollow, 
forming the organ of smell and the cavity of the 
mouth. Thus th^e head is very nearly balanced, 



bat not qnite- For If left to itself, oren tn the Hr^ 
ing body, it has a tendency to fall a liUle forward^ 
In the Orang we find a little deviation. Here is tho 
skall of a Ghimpanxee (or African Orang), and on 
looking for the position of this opening and for th0 
articulating surfaces, we find that instead of being 
in the centre they are much further back ; that is, if 
ysia divide the base of the sknll into three equal 
parts, you will flnd^the hole to be in the last third . 
80 that not only the face bnt a large portion of the 
sknll is in advance of the centre. Thosyouaee 
it has a tendcBcy, when left to Itself, to bend still 
more strongly forward than in man. In the other 
African species (the Engeena), which we have 
here, on comparing the relative position of this 
opening, it is also found to exist in the posterior 
third ; and in this species also the head cannot be 
balanced. 

On looking at the sknll of an animal still lower 
(a Bear), this opening is found quite at the back 
part of the bead. Thus the Orang, in regard to 
these points, is fbund to occupy a position inter- 
me<Mate between man and the lower brutes. 

Here then, is one deviation, an important one, 
from the condition which exists in the human 

body. 

In comparing the varieties of the human race 
with each otlfer, to ascertain ff any approach to 
the condition referred to exists in them, it may be 
said that the deviations which take place in hu- 
man crania, are insignificant when compared with 
those existing between man and the Orangs. 

The next portion of the skeleton to be consid- 
ered is the vertebral column, its form and curves. 
If you examine the general direction of the 
vertebral column in the human body, yon 
find that, although it presents a series of cnrvesr 
yet, at the lowest part, it is so far curved for- 
ward as to bring, a'l the parts above over the 
point on which it rests. If yon view the verte* 
bral column sideways you find that the lower part 
is curved inwards, so that all the weight of tho 
body above ib brought to bear very nearly on tlv<» 
base. This is a condition of things which doe* 
not exist in the Orang. For if you compare the 
[Pl^ti XVI.] [Pla*s XVII.J . 
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Chin^pamxte. 



Asiatic Orang.. 
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(keletODi of «IUier of thuc, tbe Afiiean ot the 
Asiatic OraDK, yon find tbat in the nUnral attttode 
of Che UranK. wheo clImblDg, iba wbole body it 
bant forward, the iplne formiod a large curve, the 
concaiil/ directed forward, towudi the anterior 
part of the body. Noir the Inferior iiart of the 
hnman vertebral colamn ii coaves forward, wbich 
caaiei the base oa which It reata to be advanced, 
and tbe cause of tbeae dlffereocea exists In the form 
of (be bones Ihenuelvei. For If we examine tbe 
Tcrtebrie of the IoIds fioai tbe homan Ixklf, look- 
iDRBl them on oue side, It wUl be seen that tbey 
have this form— they an the broadest on the ante- 
rior bee, BO that a series of tbem piled one above 
tbe other wonld give a ccmvez Bargee forward. 

Now, 1( ;oa examine the correapondini; verte* 
bra in Ihe Orang, ;on will fiad this difference. In- 
stead of having the broadest part la front, tber 
■re there the narrowest, so that the BcrieB of bones 
will have a concave Bnrface. The effect of this ar- 
rangemeDt la in man to throw tbe centre of grav- 
lly forward, over the centre of sapiDrt, and in the 
Orang, behind it. 

There is another subject which longht to refer 
to, and that is the general form ot the vertebral 
coiamn. If II is examined In tbe bnmaa body It 
will be foand (taai the npper part, downwards, to 
grow jH'adnalty larger and larger, and as the 
weight becomei greater and greater, the slteot 
the vertebrv becomes enlarged in a corresponding 
degree. Bat in the Orang there exists only a very 
sUght increase In slie, in the corresponding parts, 
ladlcaliag that the weight of the body most re- 
ceive som^e other inpport, than from its base. 

In eiamiDing the pelvis, yon Bee a remarkable 
difference between the pelvis of the Orang and 
that of the ha man body. It hardly requires any 
thing more than to pat the two side by side, (this 
the Professor dld)loseebow they differ. Compar- 
ing It with that of the Bear yon see it reaemblea 
that mnch mora closely than it does tbe pelvis of 
the hnman body. Hers is (ha same in tbe AMcan 
Orang, which In tbe main, approaches nearer to 
that of the human skeleton, taking all tbe bones 
Into consideration, than the Asiatic Orang does. 

The bones ot the legs In Han and tbe Orangi 
are strongly contrasted', as regards the trauBmis- 
■ion of their weight through their bases. If 
yon place the thigh bone of Han so that tha lower 
extremity rests npon a table, you will find tbat 
any weight resting upon tbe head of the bone, is 
transmitted vertically towards tbe centre of its 
lower extremity. In placing tbe whole leg in Its 
natural position, tha bones of the leg are perpen- 
dknlar, but the axis of the thigh bone is not perpen- 
dlenlar,and yet the head of the thigh bone Is so far 
thrown Inwards at the neck, tbat auy weight rest- 
ing npon It Is trauBmitted vertically upon the bones 
of the leg below. Thns all tendency to deviate from 
one side to the other is coanteracted. This is not 
tha case in any of the Orangs. Tbe lower sar- 
foce* of Ihe thigh bona are so formed, that the 



weight ot the body fUIs indda, and. In fact, tha 
leg and thigh form an angle with each other pro- 

JecUng outwardly 

In following the skeleton still farther down, wa 
Qnd another point of difference la tbe position of 
the fool with reference to the lag. Han. alone, 
has power of placing the foot at right angles with 
the leg, and, at the same time, tbe sole of the foot 
resting on the ground. This exists In Ihe human 
skeleton, and In that alone. For, if you contrast 
tbe foot of Orangs with that of Han, there Is this 
importopt diffeiance. In the Orangs, Instead of 
the sole being Id a horiiontat plane, it is tamed 
inwards, so as to adapt it to the trees on which it 
climbs. In walking on the ground, tbe Orang al- 
ways stands on the onur edge of the foot, which 
always renders its motions exceedingly awkward. 
But there is another peculiarity, and tbat is in 
tbe size and position of the great toe, which is a 
chatacterlstic of the baman race. If jou look at 
Ihe skeletons of tbe lower animals, this part Is 
much smaller instead of being much larger, than 
the other toes. Here Is the foot of the bear, and 
tbe part corresponding to the thegreattoe inman, 
is the smallest of tbe whole scries. This develop- I 
ment of tbe great toe In tbe human body has es- 
pecial reference Co the increased weight transmit- \ 
ted to il,and to counteract the tendency of ihefoot J 
to torn Inwards. But to counteracl tbaC, the great 
toe is enlarged to a corresponding degree. I4 
Orangs, and the same Is true of Che Honkeys gen- 
erally, there is this important difference, the first 
toe, instead ot being on a line with the others, al- 
Fuia XVllt. waysformsanaoglewlthlliom. 
It bos precisely the BCruclore 
of a thumb. Look ac tbe foot 
of tbe East India Orang. You 
have [he great toe capable of 
being opposed to the other 
toes— OB the thumb is In Che 
hand of man. The same is tbe 
case Id the African Orang, the 
great loe being detached from 
the rest, in order tbat It may 
Feot of Cdga. be tiroiight in opposition to 
them, and enable it 10 selie the limbs of trees on 
which It dlmbs. 

Incanying tbe comparison of skeletons still lUr- 
ther, wefind ramainlag the arma. These, In tbe 
Onngs, are bnCvsry little different, with regard to 
the nnmberot parts of which tbef are made up, 
though there exists aaliiking contrast In ibeir pro- 
portions. 

Ton have in tb is animal (the Chi mpanzee or Af- 
rican species, Plate XVI,) the sbortesi arm which 
cxIb^ In any species of Orang \ and on placing It 
at the side of the body it comes down to the knee. 
In the EasCIndisnOraog when the skeleton Is hung 
up erect, the tips of the Qngers come down to the 
ankles. [Plate XVIC.) The Qngers also ore more 
largely developed, but the tbnmb very imperfectly 
so. Here Is the cast (which the Professor exhiUt- 
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«d) of the imi or the AMcu Oranr. la ft* sen- 
eral rormfttlon It reEemblet that of the hmnKD 
bend, exceptiQK onlf the thtinfb. If too look kI 
that roD vl!l lee tb&t lnglead oF extendlnK to the 
middle of the index flnseiM li the cue En the hn- 
(Fun XIX.) (Fun ZX.) 



Numim Sanil. Hand nf CAia. 

man hand. It [e go short t1)et <t does not Teach tolti 
base aod cannot 'he bron^ht lo opposition nlth the 
tips of tbe other IlDKMe. The aame 1b tme of aD tlie 
Honkeyi. Tod have In this diaKram IPlate ZX) 
a Cebna, or Soalh American Monkey, where tbe 
thnmbis merely a rndlment, conslsUnfc of a slnRle 
bone. The flneera are loMg and cnrved, and tbe 
only use lo nhleh they are sabeerrlent, ie that of 
forming a BorC of book for KraspinK the branchet 
of the trees npon which they live, and by meane of 
their loDK arms, lor swIn^nE from one branch 
to anotber. 

Id conseqtieDce of this conrormation of the 
hand, tfie Orans Is obliged to bold a body with 
two hinds. Man alone can bold bodies by pladnE 
them with the floirers opposed to the thumb.— 
Sometimes, howeTer. the Monkey does hold a 
body with one band; bnt Ilia by pressinft the body 
between their flnirera and the t>alm. Bat eome- 
tlmes, as when Honkles are tanfcht to tiiread a nee- 
dle, the thumb Is placed afialnsc the tidt of the 
flnfcer, never against the tip of the Qoffer. 

These polnM of distinction are sofflcienttoebow 
that tbe baman skeietoD, as KRards its attitude, is 
conetmcied Id an eoiirely different mamer from 
that of any of Ihe lower animals. And, Indeed, 
tbe Orang can be said to approach but very little 
nearer to It, a^ regards Its adaplaUon to the erect 
position, than animals still lower in the sc^e. For 
while on tbe gronnd, Its Datnral atlilnde Is to stand 
on all foars, Instead of standing erect on two fbet ; 
In spite of what has been asserted by traTellen, 
and even by natnrallsu, who have described them 
ae walking erect on two legs. On eiamloInK tbe 
knuckles of the African Orang, a hard callee is 
found, which Is produced by their walking with 
these on the ground. But the East India Monkey 
walks In a different way, placing tbe palm apon 
the ground. 
In revlewlnff tbe condlUons necessary for en 
, erect attltnde, they may be said to co-ezlst In man, 
! and la man alone; Ihey are not fonad In any of 
tbe Anihropoid animals hitherto described, nor Is 
there any nearer approximation to them in the 
specleanow ander consIderatlOD, nnlessltbe the 



extstenee of ■ peMi a Uftla more perfeet fa ft* 
eanformatlon than In Its coagenerv. The natural 
attltnde of the Orangs on Ihe gronnd It aemi-enct, 
^ded and enpported by one or both of their Iodk 
arms; the Chimpanzees and Orangi resting on 
their calloni knncklea, and the Engeenes on the 
palms of theli hands. If they at any time support 
themsetres on their lege alone, their heads droop, 
Ibetrankls beat forwards, the thighs are flexed, 
aod their ftet Inflexed, all which necessarily resnlla 
f^om (he mecbanlcal arrangements of their skele- 
ton. The/onuRsn magnam »nd (consequently the 
occipital condyles). Instead of being sitnated ht 
the middle of the base of the sknil, as In Han, li 
situated In the middle of the posterior third, from 
which leenlls tbe greater preponderance of the 



Tbe vertebral column Is 9oncave throngbont 
neariy the whole of Its anterior fkce, and In the 
lumbar region eepeclally, deviates from tbe form of 
that of tbe human body. In which it is strongly 
coaT«z. TblAesnlts ftom the anterior portions 
of tbe bodies of tbe Inmbar vertebne in the 
Orangs hating tbe vertical diameter of the ante- 
rior face ehorter than ttiat of tbe posterior, so 
that when they are piled one above another, the 
superior ones incline forwards, and will necessari- 
ly canse tbe whole snpeilmposed tnmk to prepon- 
derate in that dlrecUon, consequently throwing 
the centre of gravity forward la s proportional 
dcgt«e. 

Tbe bent position of the body necessarily In- 
volves agreater or lessflexlon of the legs, la order 
that a portion of its lower part sbonid be thrown 
behind (be centre of gravity, to compensate in a 
measure for tbe npper portion Inclndlng the head, 
which is thrown In IVont of it. 

Lastly, tbe feet are always Inflexed. tn conse- 
qnence of Ihri mode of tbebr artlcnisilon with Ihe 
leg; Living habltnailj In trees, and tbe natnral 
locomotion belog that of climbing or swinging 
ftvm limb to limb by (be aJd of long and powerful 
arms, their feet are so coBstmcted ai to enable 
them to apply Ihe-soles against tbe sides of the 
trunks and branches, consequently requiring them 
to be in planes, 'either redl^ in, or approximating 
to a vertical direction. When on tbe t^onnd, 
t^erefbre, they are ftom neeeislty obliged to walk 
on the outer edge of tbe foot, and this with the 



theer 

qnenUy repeated by ■obseqaant ai 

leoent observations ol Owen and Frltehanl howaw, 

bare a teadenoy to ihow tbat tbii fonmsu does not oe- 

onpy a place Id the Negroes malulally diOeTent from 
(bat of the Caeculiiut so that Uia dlfl^reace txtween 
tbs NegroBi inil Oranga with ttgaa to this pecnlluKy 
It vastly greater thu between any two of tbe human 
neea. Bee Fritehsnl, Bee. Fhys. Hist Kaa. Ifh ed. vol. 

ip.3ea. 
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other pecttUaritios of their orgaoizattoa, ctvet 
them an nnstable ffait, contrastiiig wUh that of 
man, who, habitually walkinie erect on ft horizon- 
tal surface, has the soles of the feet necessarily in 
a horizontal plane. 

Having spoken of the skeleton, I hare next to 
call your attention to the force or moving power, 
by <which the parts of the skeleton are set in mo- 
tion. The movements of animals, ^as has been 
already stated, are effected in two ways; fiisti by 
the vibration of organs similar to those met in the 
spores of some plants. Whether they be perfectly 
identical, remains yet to be shown ; at all events, 
thus far no perceptible difference haa been shown 
as regards the canse of their motion. The only 
difference between these, in the animal and vegeta- 
ble kingdoms, being the volantary nature of the 
former and the involuntary nature of the latter.— 
The spores are in incessant motion throughout the 
whole existence of the plant, or, at least, through* 
out Its locomotive existence. 
In the aflftnal bodies, in addition to tne movements 
effected by cilia,there are others produced by a tis- 
sue of contractility ; contractility being nothing 
more than a tendency to change form under a stim- 
ulus, whether that stimulus be natural or artificial. 
In the Hydra no distinct tis^e has been discov- 
ered which is the seat of this contraction. The 
whole body changes its form. The properly of 
contracting does not seem to be delegated to any 
special part. But in examining the higher Polyps 
you will find that' there is a tissue whose duty it ia 
to contract and. produce all the motions of the 
body. Now, that contractile tissue is known under 
the name of muscular fibre. Muscular fibre, as it 
is presented in the animal series, exists in two 
forms ; onelwhich is wholly under the control of 
the will, and the other which is entirely beyond its 
reach. All the movements which are effected by 
the will— of course, locomotion among the rest- 
are voluntary movements. But there are other 
movements of vegetative or organic life, which are 
effected by a series of fibres not under the control 
of the wilL 

In studying these it will be necessaiy, first of all, 
to analyze, as far as possible, the elements ^f 
which the muscle is composed. If you examine 
the muscle as a whole, either of the human body 
or of animals, you will find that it has the appear- 
ance, on the surface, of being made up (f fibres, or 
of bundles of fibres. If you examine them care- 
fully, you will find that they are made up of bun- 
dles of fibres, smaller and smaller, until you can 
carry them no farther with the naked eye. On 
pladng a bundle of fibres of a voluntary muscle 
' under the microscope, you will find that they have 
a series of transverse lines or strise. 

And on examining it still more carefhlly, it will 
be found that an ultimate muscular fibre is tubu- 
lar, as shown in these figures. In this (Plate XXI, 
fig. 6) , the sheath is torn, and the contents pro- 
trude. Here the contents are broken, but the 
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' Muscular Fibrt. 

Sheath remains entire, (Plate XXI, fig, a). With 
regard to the cause of this peculiar appearance of 
the transverse strin, anatomists are somewhat 
at variance > but it is supposed to be in conse- 
qnenee of the mode in which the muscular fibre is 
made up. The contents of the sheath are compos- 
ed of a series of globules, arranged very regularly, 
their convexities causing the sheath to project in 
definite lines. These globules are shown in Plate 
XXI, fig. c. 

Thus we have muscular fibre. On examining 
the fibres, as they exist in themselves, they are 
found to extend from one of its extremities to the 
other- This is not the case in those muscles not 
under tbe control of the will They vary exceed- 
ingly in the various animals, and in different parts 
of the same animal. 

No relation has been found to exist between the 
size of the various animals and the size of the 
muscular fibre. Many very small animals have 
large muscular fibres. For instance, in the Fiy yon 
have the muscular fibres the four-hundredth part 
of an inch in diameter, which is about the same as 
it is in the human body. In some fishes you have 
fibres as large as the sixtieth of an inch in diame- 
ter. The only relation which may be said to exist 
between the size of the fibre and any other charac- 
ter is its irritability. Where the fibres are of the 
largest size there the hrritability is found to be tbe 
greatest. 

The fibres of muscles are combined in different 
ways according to their position and their use. 

But to enter into a description of tbe details as 
seen in the animal^series, would be entirely incon- 
sistent with the time I have at my disposal. 

Id the application of muscular force, force has 
to be used as in a machine. There must be a point 
of resistance— the moving power and the part to 
be moved. The bones offer the fixed points, or 
points of resistance ; the muscles, in virtue oi their 
contractility on the moving powers, and the boDcs, 
the skin, and various other organs, are the parts to 
be moved. 

There is one other element in the muscular sys- 
tem, and that relates to (he movement of parts at a 
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distance ft*om the muscle. In some Instances mns- 
cles are attached directly to the parts which are to 
be moTed. Bat occasionally It happens, especially 
in the human body, that the moving power is situ- 
ated at a distance from the part which It moves. 
In that case yon have situated between the two a 
part called tendon ; an unelastic and insensible tis- 
6ue,endowed with a great degree of strength and oc- 
cupying a comparatively small space. An illus- 
tration exists in the muscular apparatus of the 
hand. The muscles by which the different fingers 
are moved do not surround the fingers themselves, 
but are situated high upon the fore arm, and the 
power generated by them transmitted to thefiji- 
gers through the tendons. If they were situated 
on the fingers they would render them so clumsy 
as to destroy their adaptation to the nicely Sad just- 
ed motions. 

The next point for consideration is the condi- 
tion of the muscle in a state of aetivity-'during its 
contraction. This has always been mi object of 
interest among Physiologists. We have at the 
outset to ask what are the most obvious appear- 
ances of muscles while confracting ? First, there 
is a change of form, and it would seem to be indi- 
cated by appearances, that there is a change of 
size. But this is not the case; for there! is no 
proof that it actually contracts, or that any thing 
but changed form exists. If a muscle be made to 
contract in a vessel of water, no ^change of level 
takes place, which would b<3 the case if the bulk 
were in any way altered. 

When we examine muscular fibre under the mi- 
croscope, we find that the principal changes dur- 
ing contraction are the following : the fibres, at 
the same time that they shorten, become broader— 
and the transverse lines are approxitnated, as in 
Plate XXI, figs, e and d. 

It has been proved beyond a doubt, that a fibre 
very seldom contracts throughout its whole length 



at one and the same time. One portion com- 
mences contraction, remains contracted for a short 
time, then another contracts, and the former be- 
comes relaxed ; so that there is constant change in 
this respect, no one part continuing In activity for 
any great length of time. 

There are various stimuli which will produce 
these contractions ; among them mechanical irri- 
tation or galvanism, and the influence derived 
flrom the nervous system. * 

The muscle of an animal recently killed, if irri- 
tated with the point of a pin, or if yon pour upon 
It some irritating acid, or if you strike it, con- 
tracts, and if you apply galvanism to it, it will con* 
tract more powerfully than under the influence of 
any other physical means. In consequence of its 
being stimulated so readily by galvanism, it has 
been a favorite theory among Physiologists, that 
galvanism is the influence of the nervous system 
—is ** nervous force." I will not anticipate my re-^ 
marks upon this subject, but willonlv say that 
there has not yet been found any identity between 
the ** nervous influence ^ and galvanism. 

In order to produce muscular contractions, three 
things are necessary ; first, the nervous agency,* 
secondly, the conductor to carry that influence to 
the part to be contracted ; and lastly, the contract- 
ing fibre. Suppose you have a single fibre to bo 
acted upon. On tracing the nerves to the mus- 
cles, they are found, in all cases, at one end to be 
connected with the nervous centres,and at the oth- 
er to form a series of loops around the muscular 
fibre. You can prove this by the aid of the micro- 
scope, and can trace the nerves through all their 
passages among the muscular fibres, but in no in- 
stance do they pass into the fibre itself. 

Now, the nerve itself comes Arom the spinal 
marrow, or from the brain—suppose fVom the 
spinal marrow. The infiuence is transferred along 
the nerve and around the fibre, but not into it. 
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It was my intention in the last lecture, before 
concluding the subject of Muscular Action, to have 
said a few words with regard to the manner in 
which* muscular force is applied in the animal 
economy. 

In studying the skeleton with reference to its 
uses, we have it subservient to two important ends : 
first, affording points of resistance to the muscles ; 
secondly, constituting a series of levers for the ap- 
plication of muscular force, either for the purpose 



of increasing power or of multiplying the speed 
with which the different parts are moved. 

In looking through the skeleton, we find exam- 
ples of the three kinds of levers which are recog- 
nized in mechanics ; one of these, called the "lever 
of the first kind," having the following form, 
(which the Professor showed on the board,) the 
points on which it turns, or the fulcrum, existing at 
some point intermediate between that to which the 
muscle is attached, and that on which the resist- 
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«nco rests, the force belnjc applied at one extremi- 
ty and the resistance at the other. On looking 
throngh the skeleton for instances of this form of 
the lever, thej are found to be very few. The 
bones of the vertebral column are levers of this sort 
The articulating processes are the fulcra on 
which they tnrn,and the spinous processes form the 
arm of the power, and at the other end of the body 
of the vertebra and the weight it supports, the re- 
sistance. If the body be* bent forward, the mus- 
cles of the back are enabled to raise it, acting on 
the processes of the vertebral as so many arms of 
a lever. The head itself may be regarded as a lever 
of this sort. The head turns on the vertebrsB just 
as a lever turns on its fulcrum. There is still an- 
other form which is somewhat dififerent from this, 
denominated in mechanics, "a lever of the second 
kind,^ where the point on which it turns is at one 
extremity, and the force at the other, and the 
weight to be overcome at some point between the 
two. This is considered the most powerful, be* 
cause the arm of the force equals the whole length 
of the lever. Instances of this kind are not nu- 
merous. You have one in the foot. The '^ball of 
the foot," where the toes are articulated with the 
bones which form the instep, constitutes the ful- 
crum; the length of the lever will be the distance 
between this and the heel to which the force is 
applied, and the resistance the weight of the body 
resting on the small bones of the foot. 

The efficacy of this form of the lever will be all 
the greater in proportion as the resistance is near- 
er to the point on which it turns. But if you look 
at the foot, it will be found that the resistance is 
nearer to the point to which the force is applied 
than it is to the fhlcrum ; consequently the power 
is not applied at the greatest mechanical advan- 
tage. 

There Is still a third form, where the resistance 
is at one extremity, the point on which it turns is 
at the opposite one, and the force ft applied at 
some point between the two. It may be either 
near the resistance which is to be overcome, or 
near to the fhlerum. The nearer it comes to the 
point on which the lever turns, the greater will be 
the disadvantage in the application of force ; and 
if we took through the animal kingdom we shall 
see that this kind of lever is the one which most 
genendly prevails. It Is the lever formed by all 
the bones which assist in locomotion, especially In 
the movements of the arm and leg. 

This preparation, ( which the Professor exhibited,) 
is intended to illustrate the manner In which mus- 
cular force Is applied In the movements of the fore- 
arm. Yon have the string which passes over the 
head of the bone of the arm, (the humerus,) rep- 
resenting the muscle by which the arm is to be 
moved ; the fore-arm is the lever, and the resistance 
to be overcome is the hand, or any weight held in 
the hand. Now the mnsele by which it is moved 
has its fixed point in the shoulder, and at the oth- 



er end is attached, at a short distance from the ta\- 
crum, on which the fore-arm turns, the elbow 
joint. That such an application of power involves 
a disadvantageous expenditure of force, will be 
obvious from the following considerations : If the 
muscle acted directly upon the hand, the only 
force required would be one equal to overcoming 
the weight of the hand, or oi whatever might be 
held in it ; the ar& of the power ajud the arm of 
resistance would be equal, as both are equally dis* 
tant from the fulcrum. If the muscle were attached 
to a point midway in the fore-arm,then the amount 
of the resistance would be double that of the pow- 
er, consequently the force required to set the arm 
in motion must be doubled. 

I will place a single ounce in the palm of the 
hand of this preparation; three ounces are re* 
quired to set it in motion. Theoretically there 
would be but two ; the additional ounce is necea- 
sary to overcome the fHetion of the artifioial Joiv- 
ing. So that if you have a pound in your hand, it 
will require a muscular effort of two pounds to 
sustain it Now we will attack the muscle still 
nearer to the fulcrum at the point where it is placed 
naturally, viz : at one-eixth of the distance of the 
palm of the hand flrom the elbow joint Now place 
In the palm of the hand this same weight that we 
did before. In the former case, making allowance 
for the fHetion, it required two ounces to raise it. 
Now there Is one, a second, a third, a fourth, a 
fifth, a sixth, which will start it, with a little as- 
sistance. Theoretically there should have been five 
ounces, whieh would have set it in motion ; but as 
l)efore, an additional ounce is required to overcome 
the fHetion. So that to support a single pound In 
the palm of the hand, the mnsele mnst exercise a 
force of five pounds. We have then, in this case, 
force applied at a great disadvantage; and the ques- 
tion which next arises, is, whether there is any com- 
pensation for this apparent waste of power. Sup- 
pose the mnsele, instead of being attached at this 
point was attached directly to the hand ; then yon 
have, first an inconvenience arising fh>m the direc- 
tion of the muscle. If the muscle passed in a straight 
line from the shoulder to the hand, if the elbow be 
bent at a right angle, then the arm would lose all 
Its compactness. In the general arrangement of the 
muscles. But, there is still another inconvenitooe, 
which is this : you will notice the distance through 
which the cord, moves In order to raise the fore- 
arm to the shoulder, when It is attached to the 
hand at a distance of six or eight inches. But if 
you apply It In its natural position, near the elbow, 
then the muscle contracting an inch or an inch and 
a half, you have even a greater amount of motion 
. of the fore-arm than bef ore,when it contracted six 
or eight inches. Ck>nsequently, while the mnsele 
contracts through the space of an inch and a half 
or two inches, the hand is moved through six or 
eight times that space, and in the same period of 
time. 
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In looking at fhe rarioni segments of the limbs, 
yovL find that this principle perTsdes the whole } 
rlsn power applied at a mechanical disadvantage ; 
bnt in all cases, there exists a compeneation in 
Ihe faicrease of speed and distance, through which 
a part la mared. 

The next dass of fhnctfons to which I desire to 
call yonr attention, is that dasf of fhoctiona and of 
organs whidr aresabserrient to the precest of nu- 
trition. The necessity Tor the existence of this class 
grows out of a law which perrades all organised 
beings. It was stated in the introdoctory lecture, 
that one of the characters by whieh llYing beings 
aze distingvisbed ftom those which do not lire, was 
the fact that they were h» a state of Incessant 
thangn. One series of partleles of wMcb they are 
oomposed are constantly entering, and another as 
•onataady disappearing ; so* that CtiTier regarded 
Hying betagt aa so many ** ▼ortiees,'' or wbirpools, 
with their entering and departing currenta. 

While thit ^angeof particles continuea, while 
lUagoeii on, a being lires f when this ceases, life 
Is no longer present v it la dead f the actiWty of a 
gfTen being will be represented by the npidity 
with whidi these changes take place. Of this we 
hatn a poshiTo evidenee, in examining the ▼ariona 
Members of the animal aeriet. If yo« will com 
para, ibr example, the amount of matter thrown 
off during respiration from a Reptile and a Bird^ 
It will be lonnd (bat there la a much larger amount 
from the latter tlian the former, the muscular en- 
orgy of the Bh;d being i^reater than that of the 
Beptile. Lavoisier determined that a Bird separ- 
ated more earbonic acid by respiration than a 
Chiinea Pig of soTeral times its siae. The same 
body undergoes more rapid changes during a 
state of aetlTity than during a period of rest— 
A man who^ lias been aetiTcly exercised, gires 
off more carbonic aeid than the same person will 
do during the state of repose. But it is not neces- 
sary to compare tiie same indiyidoal with himself 
at difTerent times, but different parts of the same 
body may be compared at one and the same time. 
Those portions whidi are the most active are the 
most constantly changed, as the brain andnerrons 
system ; while thoso«which are merely passive are 
dianged far more slowly. It may be asked, '^ how 
do we know that the parts of which thb brain is 
made up diange more rapidly than the bones T'— 
This may be shown by the degree of vascularity .— 
Where there Is rapid circulation of blood, that is 
an indicatiott that the parts require constant re- 
aewal* Thus ftnietional activity is always accom- 
panied with a COTresponding rapidity of disintegra* 
Hon of .the constituent elements of the body. If 
then, them exist this tendency to change, there 
must exist, too. means by which these changes are 
aflbeted. In studying the different members of the 
organic world, with reference to thisiwe should 
expect to find a great variety in their complica- 
tion; depending in some measure on the kind of 
Ibod by which they are nourished. Plants deriv- 



ing all thdr Ibod flronr the atmosphere, ean absori^ 
it without the necessity of a complex apparatus.*— 
Animals, however, Hving on organic matter, are 
obliged to dmnge the condition of the fbod, and 
reduce it to a condition capable of being absorbed. 
The simplest animal which we have had fbr exam- 
ination, the Bfydra. living as it does npou organie 
matter, tiiat matter not being in a state proper fbr 
absorption, but mast be reduced first to a liquid 
condition. 

The processes by which the cast off particles are 
separated, may also be more or less complicated.— 
In the Qydra, this takes place in the tissues, and it 
passes through the organs without any one part 
being adapted to this more than any other. But, 
as you ascend in the animal series, you find th^t a 
division of labor exists here— that one part of the 
effete matter is thrown off by the lungs, another 
bythesUn, and another by the various secreting^ 
organs. 

In looking through the animal series with refer- 
ence to a classifksatlott of nutritive processes, we 
may arrange them all under one of two heads,— 
First, those which are subservient to the introduc- 
tion of nutritive matter. This inchides digestion, 
absorption, and drcnlatlon ; digestion, by which 
the food is prepared, adsorption, by which it is ta* 
ken up, circulation, by which it is distributed. The 
other processes may be dassifled also in several 
groups. Bespiration throwing off Carbon)^ acid, 
the skin throwing off vapor of water, and the kid- 
neys the compounds into whieh Hitrogen and Am- 
monia priacipaUy enter. 

The order in which I propose to take up these is 
a natural one, corresponding with the order of suc- 
cession of events in the transit of a given particle 
of matter through the body. First, the introduction 
of the food and the changes of the food ; then 
the process of absorption; then the process by which 
this material Is carried to different parts of the 
body; then the process by whieh it is separated and 
cast off. 

Digestion, thongh forming one of these heads, is 
tKt from being a simple process. In the Polyp 
nothing more is rehired than the introduction of 
the flood inta the stomach, where solution takes 
place. Bnt in the higher orders, arrangements are 
made for the aMchanical division of the food* 
and we have in place of a simple digestive lac, 
which exists in the Polyp, aVanal so modified 
as to present one cavity, provided with an ap- 
paratus for niechanically dividing the food ;■ anoth- 
er in which the food is digested, and another for Its 
absorption or introduction Into the vascular sys- 
tem. 

In the present lecture, I wish to describe the or- 
gans for the mechanical division of tlie fbod, previ- 
ous to Its being rendered suitable for the commence' 
ment of the process of absorption or even of solu- 
tion. The necessity of an apparatus for dividbig the 
food mechanically, grows out of the condition of 
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tt« CMd Unit «Bd A* mpMUr 
«aM of •tiition li Mntoi on. TbB Hjdra (nUowi 
iu pitr. Mid A loBfc tine li reqatrad for As proesM 
«fdinalloa. !■ the Uj^mt aalsMli ttUi pieeen li 
ourfed on muck mure npidlr br tbe kid of in ap- 
pustM for iU Mwhuitul dlrlsloa. It ti lk*Mmc 
procMa of whleb tJu «liMibt iro«1d arall htmielf. 
if be wlahed tadi8H)lT<aoBrtaiii4aaDtitr of lime 
In a Kiren time. He wMld not tkrow It i«M tbe 
flald, la a alngle nau, bnt woald aabdividg It, in 
«rder to etpofe additional lorfaees to tlia action of 
the laid. A linffie man thrown iuKi a laid, ia 
acted npop bj It oolr on iti aorface. If joa dlrlds 
tbamaailnhalTMor taarton, tbsinrfacB li itlll 
fnTthBT (acreamd, and In praportlon u It it more 
*bA more dlTlded, tiia BoWent acts on a larcer and 
Iarf(er rarfaca at one and tbe s««e time. 

At tlie coamenceneat of tbe alimentary canal 
In tbe memben of nearly all tbe animal Nrtsa — 
thet« are tint tctt few exeeptloni— there ezUta 
•omeUiIng In the form of a ineebanleal apparataa 
tor dlTiding tbe inbitancea ilutt are to be inbject- 
«d te the action of the aolTent in the atomach. 

Ton hare In the Echini an apparatoi almoit ai 
compllcatsd aa izlsta In blgber animab— Are 
leetb with a complicated leriei of mnaclea for 
tbelr moTemeDI. In the higher forMa, among tbe 
ArMcniata, Inaecti eapeclallr. the apparatai la 
«onatriict«d of a certain namber of parta and after 
a certain jieneral plan ; It preaents luelf in a great 
Tariet; of forma, modlfled according to the kind of 
food on which the aalmal aabaiata ; and lo strlctlj 
In accordance witb tta organliatloD, that an Anat- 
omlat coald tell, b; Inapeetlon of thU apparataa, 
. to what claaaof Inaeeta the indiTldnal belonged, aa 
wril M the ComparatlTo Anatomist coald tell by 
Ibe teeth of one of tBe HamnuUa, tta organiza- 
tion and place In tbe acale. 
runZXU 

Wo hare hare three 11 gnrea, 
one of wblcb (Plate XXII) re- 
. preeenta tbe parta aboni the 
\ month; In wblcb tbe apparataa 
fordlTlding the food coneiita 
of a pair ofjawf, adapted for 
airldlng bard •abetanceaj ap- 
pended to tbeae certain other 
pane, which aerre as tactile or- 
imu; or (in Plata XXIII,) the 
lame paru are modlfled for 
tbe collection of the Follm of 
Flowers ; and there la itlll ano- 
ther, wbere the Inaeet Utci on 
the flalds of oAar animals, 
UauA^Bm. where all the part* which are 
represented In the fonner dgnre are lo modified 
aa lo form a almple s^le, eontalning In the centre 
a tabe fbr dntwlnf op the flnld. 

Bat It Is among Tartebrated animals that we 
Bnd tbeia parte baoontlng mere complex and 
preaentlng polnu of fitr greatw iBlerest than In 




Thaleetfa, aatherex- . 
iat In higher aalmali, | 
bare been regarded for •, 

«mKiir-«ft4 tber 

parts of tke akelelou,— 

whenlnrealllTtiieTara 
appendages to the df- 
gestive apparataa. 

II li trae, If joQ look at some of tiie animala jtm^ 
will And Um t«eth lodged ha the Jaws. Bat If yo« 
look at the teetb, either In the conrse of derelop- 
mentor in the tower portioD of the Vertebrated se- 
ries, yoH will Ind Inatancei In which Uiey are ap- 
pended merely to tbe membrane which llnet the 
month; that It l9fl«m tbat membrane that thef 
proceed. They differ from bones in being ezpoaed 
on tlie inrfaee. The teeth are abed entire ; bonea 
are removed particle by parllde. Thus tbey hare 
Imt little analogy to bane, bat are to be regarded 
as more aldclly anatogoni to &e apines and acalei 
on dahea.orto the hairs and nailBof the hnman body. 
And if you (oppose, aa it Is reasonable to do, that 
the mDCOK* membrane ia oaly a modlUcatlon of tbe 
skin, then tho teeth become appendagea to tbe ex 
lemd snrfaee, and not a part of the Internal skel> 

la examining the teeth, the naes In conneetloB 
wldi which they are (a be taken np an 4alie tb> 
ried. The more Important one [i la relation to the 
proeeu of digestion. Bat becanae they are lal>' 
serrient to the proceaa of digestion, it is not to be 
snppoaed that tbis Is tbe only nse to which they 
are adapted. In some animals Ihey are osed m or- 
KtiM of defence or attack, in others for locomotion, 
in others for the Introdncttan of poiaon. Thfa w* 
shall have more Tally detailed in the coarse of the 
present lectnre. 

FuTs XSIT. The drstpolnc Is to detennlna 

the atractare of the tooth. To 

get an Idea of the parts which 

enterinto its compoaltian,( Plata 

XZIT.) we haTe here a section 

of a hnman tooth, as It appear* 

n nder the m lcroscope,and wblch 

I) sbown to be made np of Oree 

dllferenl Ingredients \ a coitral 

portion, characterized by the 

exiatence of minnta canals la- 

«K.,/»™-lWA. dlfttloK from thecentral or pulp 

caTliy,and which Is Identical with iroty; abore this , 

[be too tb li InTestedwlth enamel forming the crown, 

and below.ihe roots are covered with a tbin layer of 

a third aabatance, formed of a material, similar In 

Its compotitlon to bone, bnt which baa received 

the name of tentntam or cnata pttroia. Those hava 

been noticed mainly becaaee. In tha cxaminatloD 

□ftheteetbof animals, however mnch tbey may 

appear to deviate fo their stmetore fhim that of 

the human body, the deviation wUl be fbud to 
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I thiB toolli of the AT- 
a Elephant, (Plkte 
^ XXV.) which preaenu 
e of the 



Ln type.the ceetral por- 
£fcp*eni'j ToM. tion ia made up of Ivory 

thrown Into a seriea of eleTBied riilxee Inrest- 
ed witb enamel, and the enamel In tnra, con- 
cealed, except oa tbe gnrfsce, bj tbe cnala 
pitrota, which, Instead of beinf* confined to 
tbe loola of the teeth as In man, forms a thick 
layer abont the croxo. When the tooth baa been 
oaed, the enamel beinK the hardeat and moat reslt- 
tlnii, tbe other two elementa are worn away more 
lapldlXiaoaa to leave the first projecilug In iht 
form of ridftea. and tbna aecnre a xrindlnf; car- 
face well adapted to the division of lbs kind of 

In Elndyiiif! the teeth as they are preaecCed In 
the BDimal aerlea, they exist la tbeir aimpleat con- 
dition In Che claaa of Fiihea; aerving rather for 
aeiilnft and retainlnR their prey, than for dividing 
ita flesh. In Sharks the teeth become troe catilnx 
organa. There exist alao many Sshes provided 
wltb teeth at tbe entrance to the (BlopbaKDa, 
which act In the aame manner as the grinders of 
tbe biflher anlaials. In tbla claaa they are not 
condned to the Jawa merely ; bat are aitnated on 
many of tbe other bonei of ibe D;>oatb. as those of 
the palate, vomer, && 

Id Reptiles, teetb are foond In nearly all tbe po- 
•Itlona ia which (hey are aeen In flsbes ; and for 
the moat part, present the aame aimple forms, 
Servian far mora generally for prebensioa than for 
maalicatloD. Tbiale tnieoi Ba[rachian3.Serpents, 
and many Lizards, la the SraC order, they are eK- 
ceedlQKly minute 1 but la tbesecoDd,arefarmor« 
formidable, Ihoagh insnSlclent to act olberwlae 
than to assist in retaining and swalioviDg tbe food. 
Not only are the teeth adapted lor this pnrpose, 
but the jaws themaelvea preaenl modlQcaliona 
io any other claei of animals. — 
In thia head of a Rattle- 
snake it will be seen IhRt 
the Jaws are exceediORl; 
moveable on each other, 
barticalated to (be moat 
posterior part of the head, 
and united in part by a 
fle?iible liKamenl, a con- 
Hwde/'RaifeMflfe. j,yo„ of thinRS which 
will allow the whole mouth to be expanded 
Into a hoop, and Ihua allow tbe entrance of bodies 
many times larger than tbe ordinary diameter of 
the head. Tbe teeth, by their recurved form, are 
rendered atill more suitable for the peculiar uae to 
which tbey are subaervient in the act of Bwallow- 
loR. An animal on whieh it preys being seized, as 
a froK or toad, tbe bent teeth prevent iu esctplnit 







from the moniti, ud M tbessws Une the 1owM-)wr 
bolOR curWd forwardi, tbe taMb are acidn insert 
ed Into the prey) and when retracted, force the 
food towards the cesopbagss, and by repeating tbli 
operation many tlmei, It is at last carried wholly 
within It. 

In Blrdi, teetb are never developed, Ibongh their 
bills may be regarded as analogoas to them la their 
acliffainmany iQaiancet^aslBtbeCamivoroasspe- 
cIea, but fkr more generally It serves ai an otgtM 
of prebenilon simply, taking the place of a hand, 
not only for seizing artlclea of food, but they are 
uaed In building their neeta, Ac. 

Among Mammals the teeth acqniretbelr moat 
complex character, and become far more Intoeet- 
lag, not only oa account of their phyaiologlcal re- 
latlona, but aa affording the euiest iudlcatlona of 
Hxiloglcal affinities. 

Three principal types of leeth exist among tbe 
members of this class, which have a special refer- 
ence to the kln4 of food oit which Ibey exist, viz : 
the Corn itwrdui and 2feri«D(irou«gronps,anda tbbrd 
whicli may be regarded m intermediate, living on 
a mind diet 

Among CamiBara. the following forms of teeth 
are recogolzed as existing in all Ibe species: Ist. 
teeth situated In the front of the mouth, osnally 
six In number In each Jaw, having a more or less 
vredged-shape, called inc/son ; 3d, a single tootb on 
each side in each jaw, the canine ; 3d, a variable 
number of leeth.having crowns more or less modi- 
Bed, aad deuomlaaied nialars ; and It is these last. 
which tbe zoologist regards of the highest Import 
ance, since they, being more especially designed 
for the division of the food, have necessarily a 
more obvious relaUon to the peculiar habits of a 
given animal. Theluclson are of sabordinateval- 
ne, the act of seizing and retalaing tbe food beiug 
performed by the canines ; in fact, there are many 
Camtvora in which the incisors disappear at an 
early period of life. Tbe canines are, ia all this or- 
der, long and pointed, as shown in the shnll of a 
lion, and still more remarkably in this extiuet ani- 
mal (Uachairodns) allied to the lions, discovered 
sereral years since in a fossil condition in Brazil. 
Pun XXYU. Here the canines are 

not only vastly elon- 
gated, Init are provid- 
ed with a sharp and 
serrated edge, lorm- 
fng the most formida- 
ble dental weapons, 
hitherto witnessed ei- 
ther In existing or ex- 
tinct animals. The 
Xachaimbii. molar teetb In tbe or- 

der Canilvora. present a series of sharp, sem- 
Ced. trenchant edges, those of the upper and 
lower Jaw not belug opposed to each other, 
bat sliding by, like the blades of a pair of 
scissors, — Intended rather for lacerating and 
tearlng,th«u for grinding. BnC amonx (be mam- 



ON OOMPJB^TIYE. FBTSIMiOOT. 



25 



twi of tills oidar ttot «• tnuMttton fomaM, 
where the molar teeth beeome lese pointedt and 
are anrasiTed so that the crowns of those in the 
two jaws are brought more directly in opposition 
to each other, as is the case in the cranium of the 
Bear, an animal well known to live on a mixed 
diet. Men and Monkeys, as well as the Hog, pre- 
•ent dental characters intermediate between the 
CSamirorons and HerbiForons unronps, having 
neither the sharp and serrated molars of the one, 
nor the flattened and complex grinding surface 
of the latter. The teeth of Man are nearly all of 
eqaal length, and differ as regards their relative 
position i^m those of all other animals, in the fact 
that they form a continoons series, there being no 
intervals between the canines and incisors on the 
one side, and the molars on the other, as is the case 
even in the Orangs,who8e teeth so nearly approx^ 
mate to those of th^ hnman body. The movements 
of the Jaws, as hidicated by the form of the articu- 
lation, are Intermediate between those of the two 
groups just referred to, being not exclusively ver- 
tical, as in the Camivora, nor yet allowing of that 
degree of lateral motion which is noticeable in the 
Herbivora. 

In the third, or Herbivorous group, there exists 
the flat and more or less complex surface of the 
molars, of which we have an illustration in the 
tooth of the Elephant, the Horse, and the Masto- 
don. In nearly all the members of this grou}, the 
canines are deficient, except where they exist in 
the males of some species, but not in the females, 
as is the case with the Horse, and even there being 
mere rudiments. Ruminating animals, such as the 
Ox, Deer, Antelope, Sheep, Goat, Giraffe, &c., are 
destitute of incisors in the upper jaw, although 
the food of many of them is in so many respects 
similar to that of the Horse, where the incisors 
are always present. As will be seen in the next 
lecture, all such animals as are destitute of nndor 
teeth, have stomachs which are very comptez, 
while in the others they are comparatively simple. 

It has already been stated, that teeth are not 
subservient alone to the division or even the seiz- 
ing of the food or prey ; they are, in many instan- 
ces, destined for entirely different uses, forming 
organ s of defence, as is the case with the incisors 
of the Elephant and Mastodon, which are devel- 
oped into enormous curved tusks,or as is the case in 
tlie Narwhal, (Plate XXYIII) a single incisor, and 
that of the left side, being developed in the male 

Flats XXYIII. 




JEEtad of NarwhaL 

into a long, slender and pointed tusk, that on the 
right being rudimentary, and- never protruding 
through the Jaw ; in the female, however, neither 
of the tusks extend beyond the mdimentsry con- 




Hsad of Qutoroides. 
Stead of investing the 



dSiiMi ; thm tin developed tuk becomes a scxnai 
characteristic. The tusks of the Wabms, 

are organs of defence, but assist, likewise, in 
its locomotion, the arms and legs of this animal 
being short, for the purpose of forming something 
analogous to flns or paddles, are insufOlcient to 
sustain its weight on the land ; when the Walrus 
ascends a bank or a mass of floating ice, it does so 
in part by the aid of its tusks, which are thrust in- 
to, or hooked on to points successfully higher and 
higher. In the Beaver, and the same is obvious in 
the extinct Castoroides, (Plate XXIX) an animal 
Flati XXIX. closely allied to it, the in- 

cisors, two in namber,are 
so modified as to form 
chisels, which not only 
serve for penetrating the 
hard shells of nuts, on 
which they subsist, but 
also for cutting wood. 
In them, the enamel, in- 
whole circumference of 
the tooth, exists only on the anterior edge ; conse- 
quently ,the posterior edge wearing away the most 
rapidly, leaves the former sharp and adapted for 
cutting. 

The most remarkable deviation f^om the ordi- 
nary function of a tooth, is that which is presented 
in the venomous serpents, when it becomes an in- 
strument mo«t wonderfully adapted for the intro- 
duction of poison. Plate XXX represents the dis- 
Flatx XXX. sected head of a Rattle- 

snake; the two poison 
fangs, consisting of hol- 
low tubes, with an open- 
ing at the base and the 
apex ; on the side of the 
head is seen the poison 
gland, from which a duct 
Di»$aatd Bead of BatOundke, passes to the Opening at 
the base of the tooth. The gland Itself is cov- 
ered by a muscle, which serves to compress it 
when the wound is inflicted, and thos to insure the 
introd notion of the renom. 

One other subject remains to be noticed in con- 
nection with the teeth, viz : the process of dentition^ 
or shedding of the teeth, which takes place once 
at least in all the Vertebrates provided with these 
organs, though in some the process is repeated 
many times. Fishes and Reptiles may be said to 
have no permanent teeth, inasmuch as the process 
of shedding and renewing them goes on through 
the whole period of life. In looking through the 
class of yertebrata,there are three modes by which 
the old teeth are removed and replaced by others. 
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Jaw of a 



1 We have one form 
in most fishes and in 
serpents, (see Plate, Jaw 
of Boa) where there 
exists a kind of alter- 
nation, the teeth shed 
having between them 
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new uatb, laitead of b«- 
Idk lotermedliic, an de- 
TCloped ImdmUi ttw old 
oDsi, and'u Um; adnaoa 
the fangi of tbe former 
become abforbed and tbe 
crowae drop off. Wehave 

Haiun Omd. anllliUtntionorUilimode 

in tbe haman head, u ehowa in Plate XXXII, 
represenliog tbe bead of a child, In wbicb tbe 
Uetb of tbe flnt aet are men in tbetrnatnna po- 
•itioQ. and tboBo of tbe lemnd, ai rndimente Im- 
bedded In tbe J»w. 

3. The third form li that met with in tb« Els- 
phant and HaaCodon when the teeth taceeed one 
another from baUnd fonoardt, u ibowu In Plate 



XXXIII,wlun(lM tMtliMa eanMaallr RiindliW 
awar, bmtar* replBMdbr a new toath daraloped 
beUnd the old (»», andiradullr itldiiK down tn- 
taltaplaae. 

FiiM iliiu. f Dr. W. bere exWbliad 

liagram ihowinff tbe 

ferent phaiei of a 

man tooth darinx tlu 

Mreai of It* derelop- 

mt, ibowlneltamln 

1 ibrm of a papilla 

the mnconi mem- 

ine of van montb, (ee- 

d lodged la a xroora, 

rd tbe adf{M of the 

■*''*~'''™*'' troorecloiedoTerltio 

u to form for it a sac ; iiom this lait it to be 

■een an o&et which foimt another lac in whlcb 

tbe permauBut tooth i« derelojled. Tbe remalninx 

■erlei of figures exhibited the completion of tita 

flnt lootb, the xradoal nbaorptlon of ita root. 

and it« final duplacement bj the permanent In^ 



LECTURE V. 



It haa alreadT been stated that tbe prigclpal dif- 
ference beiween the proceuea of ntitrition In an- 
Imali and la planu deiiended npon tbe different 
kind of material upon which the; tnbslit, animal* 
■nbsistine upon organic, plant* npon iBorganic 
food. Organic matter does not ezistln tbe naln- 
ral world In a atale aaltable to be abaorbed, and in 
order that abaorptlon may be effected, a prelimi- 
narf process la neceassrr — tbe process of dlga*- 
tloD. Tbla process bavlog been effected, tbe two 
klDgdoma ta&j be aald to )>e mors near]; alike ; so 
that tbe remark of BoerbaaTs Is not wlthont rea- 
son, viz., that Haimald are similar to plant*, tbe 
former barinti their rocta within them, bnt the lat- 
ter on their surface. It mareeem that an excep- 
Uon exists, with regard to tbe stitemeot above 
made, that organic matter does not exist In a 
state suitable for absorption. In tbe case or a large 
number of animal* who derive their nonrlahment 
from other animals, tbal tbey take the fluids of 
other animals, and wjtbont necessarily dlgeidng, 
absorb It at once into tbe aystem. This i* only 
an apparent exception: for, tlioti|{h they do not 



dlieat tlie food OiemielTei, thU I* effeeled by Mh- 
eiaalmala; it baa already been snbjected to ttie 
action of the Jaws and gastric flnld, and these Par- 
aaliie anlmaU nurely avail tbemtelrss of tlie work 
of another. 

The mechanical means by which the lobdlTlsltM 
of tbe food 1* effected, have already Iwen descrtbed. 
— and it now only remains to apeak of the rest of 
the appafalD* whlcb Is presented to as in the Intei- 
tlnal canal. 

Going back to the sbnplest condition of tlie dl- 
(e«tive apparatna, we baTe that which eilsia In the 
Hydra, where it presents a simple sac, into which 
nntrltlya matter is introduced, and IVom which It 
1* absorbed into the general ayatem. Tbla simple 
condition of a atomaeb haa oOier point* of inl«t»t 
—not merely tnm Its being tbe most simple form, 
bat a]*o boia its relation to the general aniface of 
the body. If you commence on tbe outalde of the 
body, and cany joar eye to the upper extremis, 
and then into tbe eiomacb, yon find that there la a 
contlnnlty of surface, and yon find that the lining 
of the atomaeb Is quite similar to tbe external snr- 
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fcee. TfaUtHentwoinrftHMlaniiotoBlroMitln- 
wtni, bat bvra a Mronx mmloej, U tbown by tb* 
fkct, Uiat In tbeM mott ilmple knlmili one li I 
Ma or peTformtDg tb« oflca of tha oUier, u lui 
been ihovn br Tremblej and repeated by olbel*— 
tiiat one of theM iBifacM maj be labttltDted foT 
tbe otber, ilmplr by Inrnlnx thB animal inttdi 
It ma; be dona by paailng a thread ttaiDaffh It, 
wllb a knot on the end, and tben Cnmlnji It ai 
would tbe Snger or a glove ; tbe animal not aafhr- 
iOK at all, and tbe proceu of digestion going on IB 
this new caTitr a« well ae before. 

I bare referred to Ibia cantinnltT, for tbe parpoee 
oT calling your attention bereafter to tbe aiinilBTlty 
between the ikin and tbe membranea, wblcb line 
the general cavities in tbe blftber seriea, tbe dUTer- 
•ncea balnir. It Ii trae, fat greater ai jon aacead 
bat (till itroag points of reaemblanca are trac^ 
able. / 

Beft>re desorlblng tbe dlgeitire appantai, I triH 
repeat wbat I hare 6nee before referred to, tbat in 
taking up any one ciaM of organi and following 
It tbrODgb tbe dll^rent groups, we ere not U 
pact a gradnal and conetuit appraximatton to tbe 
more perfect state, aa we awend. It ta not by ax- 
aninlng one chua of organi tbat the animal li laid 
to be enperior to another, bnt by examining tbe 
totality of iu fnnctloni. Solongaa a tingle dMi 
Of organi was made tbe bails of clMalllcaUon in 
the Mriei, ao long ernin were made ; bat when 
waa flouo according to CnTler'a method, by taking 
Into conaideratlan the whole organism, then Zool- 
ogy became a acience. In examining tbe Torlona 
. forms ofaglTen claMoforganSiin goingnplnthe 
•cals, we find that they do not aicend gradnally, 
bnt In a snperior order they conunsnce in a condi- 
tion far below where we left off la tbe lower type. 
Tbe eyes of some Tertebratea are fkr leas perfMtly 
dereloped than those of the Cephalopoda, or Hag- 
tllnsand Cntlle-flahea, thoagh tha latter are ll<ri- 
Inaki. 

There are those in tbe Articalata, wboae organs 
of motion and sense are Inferior to some of tbe 
fiadlata, which is a lover type. Setting ailde, there- 
fore, any attempt to find regnlaricy, we mast take 
some other baiii of claisiflcalion, derived Hum 
similirlty of itractore and Fbyslological cbarac- 

If wepasi in review the different kindi of diges- 
tive apparains which exist in tbe different mem- 
bers of the serlea,wemay arrange them in three 
groapa. In tbe first group are iocladed all those 
snlmnls wblcb ct>nsist of a simple sac or of severiti 
f aos anited together, the Indivldbal cavities not 
being complete. A Fecond group. In which they 
have their intestinal cavity branched, extending 
tbrough the body. A third group, in which there 
If a canal; that canal, however, divided into differ- 
ent lectloni, each one having ita own peculiar 
fanctlonj one for the mouthy then another witl 
MTve for tha process of digeatloD, or tha soinUon 




Fun XXXIT. 

With i^gerd to tbe flnt 
kind of digeattre organ, 
we have It in tbe auction 
of Hydra, (Plate IV,) 
the whole animal being 
more perfectly repre- 
sented In Plata XXX [T, 
where tbere la visible Id 
the interior tha digestive 
cavity. Aronnd the 
l^/dra. moQtbarmsexIstfarthe 

pnnwie o( selling Its prey, which being introduced 
Into tbe stomach, the solution tabes place at aaee, 
without even the aid of the action of teeth, or any 
maebaalcaL division whatever. 

Inanotherkindof Polyp, in one of lbs aggre- 
gate kind, where there are several Individuals on 
acommonitem, each one Is provided with its own 
digeattve lacj bnt with this coaipllCKtton, that 
tbaraiiaeommnnlcationJwtweBnail ttaa aacs of 
tiNdUferentuiimals; aa I* tbe case In tbii little 
Pun XXXV. Campannlarla, (Plal* 

XXXV) where each 
"^Jfit animal is a repetition, 
,jM| ^ JH ai It were^ of the Hy- 

WK Wt W dra, which la repre- 

^^^^[^^ aentedia PI. XXXIV. 
^^^^^^ Bat if yon traeetheie 

^r ^^ towards their attacb- 

» ^ niene,yoafladaa«nal 

passing along the axto 
of tbe stem. Hut 
canal commoalcatea with all the difreative cavides, 
so thAt any food taken in by one of the Polyps, Is 
readily transferred along (hat canal to the others. 
TbnB there Is a eommunlty of digestive muerlal 
in the alimentary canal of Ihese animals \ each one 
transferlng the food It receives, to tbe other mem- 
bers attached to (he commou axis. This is tme of 
many races of compound animals. 

Tbe second form of digestive organs to which I 

will reffer. Is that In which ibe digestive cavity is 

more or less branched, extending through the dlf* 

ferent portions of the body. We have an illustra- 

tton of this In the common Jelly-Flsh, (Plate 

Pmi. XXXVI. XXXVI ) [Tbe Pro. 

lesMr aiao eibiMced a 

Diagram, representing 

a vertical aeciioa of lU* 

animal.] In the centra 

Is the month, uid 

branching off from the 

two stdes.'are four sacs, 

end from each one of 

these aacs, there pass a 

' aeries of tubes, which 

^sfeftuo. c«rry the digestive inb- 

staooe through tha body ; the tubes tieing mere 

prolongatlona of the stomach. 
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In tbe Plsnarla, (PI. XXXVII) 
wa bsTG an anioiR! analOftona 
to ibe Parwltlc Flakes, w^ch 
Inhsbic the InterlOT of otber 
ulmala. In thli animal, tbera 
It a central canal extendlnft 
thronRh Ibe body, and paniIiiK 
off froni that, different bran- 
ches, wblcb extend widely 
tbrongh tbs body. 



HerelBsUllanoUMr. a 
Cnutacean, (PI. XXX- 
^ Till), with a diffatlT* 



c In the middle, and 
free append aitea from 
II extendlniT ont into 
each of tho les*, eTen 
Into the bwea of the 
jawi thenuelTea. Sow 
In all of [he*e formi It 
would aeem ai If Datare 
had flnt adopted a certain plan, flnt limptr for a 
dlgeitiTe appamtae, bat had eomodlfladltai to 
reader it snltable far clrcnlalinR the prodocta of 
dlKeetfOD IhronRh the t>ody, and, as we shall lee 
berefttter, for respiration. 

The third kind of draestlTe ^paiatns Includes 
all thoio animals which belonic to the class of Ter- 
tabrata, and also a large portion of the laverte- 
Inwa series. 

Before describinK these In detail, I will ask yonr 
atleoUoDfora few minntes lo some general con- 
(Ideratlons on the structure of the parts enlerinit 
Into the formation of the diieiiliTe canal !u tbe 
hiffber aDimalt. Tbe difcestire cavity Is intended 
not ouIt for Ibe secretion oi a Bald capable ot dis- 
BoWlnff the food. IjuE also for canveyiDit the food 
throDKh II for Ibe purpose of abMrplion. It Is 
lined by a membrane, which may be rexarded as 
■ modi'dcuion of Ihe skin itself. I have already 
called your attention to tbe lumlos In of the skin 
over Ihe monlh of the Hydra. 

If, in ihe higher race*, yon follow tbe oomiDon ' 
IntaRDment ttvm tbe Keneral surface into the 
moalh, you will see that as It puses tbe llp«, tbe 
■kin becomes more delicate, and its Taiculari? 
also SncreBsed, and is sradualiy converted Into tbe 
mncoas membrane, wbicb lines tbe month. In 
wbatdoes tblschaose consist? Tbe ikln Is miule 
np of an external layer or scarf-skin, or cnticle; 
below this Is a second layer, consisting of the true 
skin. The external layer consists of cells, which 
were at Brsi spberical.bn t at last llecominf! flattened 
and dry from tbe eTeporalion of their contents, as- 
snme tbe form of icales. Tbe second layer, whieb Is 
that part which la convertible Into leather, Is dense 
and fibroQS, K'^lnir tbe InteRUnjent of tbe body its 
firmness and resistance. In pasalni; fl-om the out- 
er to the inner snrfbce, or from skin to mucona 
membrane, (he inner, or tbe thicker beminei 



mtm ddleMMndthe Mtler pomonJmtMdof balnR 
dried, retalM Ut oriKlnal eharacter tt cell* SUad 
with molature. On maktnft a section thronfih the 
macons membrane of a portion of ibe Utieiiliial 
canal, y9n have one portion representing the trua 
skin, and this on the ontside, wbich ia mnch the 
Ihlckeit, correapondinit with the Cuticle. The only 
diffeience Is, that Ihe cells are rounded and filled 
with fluid. The conditions jnst deecrlbed are 
ench as are necessary to convert tbe skin fMm a 
protection membrane, which it Is exteroally. Into 
an active secretinit and abtorbintt one. It is f^om 
this membrane that rU tbe filandular organs'of the 
body are Ibrmed, the simplest condition of whieb 
is that In which the membrane is turned In. upon 
Itself, so as to form a pouch or sac. 

Tbe blood vessels clrqnlate upon its walls from 
which the secreted fluid pasaea Ihronirh tbe cells 
Into the mucous aarface. Another modlficatlog of 
the mncons surface, adapts It, as will be shown In 
tbe next leotnie, fbr absorpilon. 

One other element It will be necetsary to refar 
to. via: tbe tissue by which the motions of the 
content* through the digestive orgaits are effected, 
and that Is a totm of mnaoular Bbre, but quite dlf' 
ferent from the mnscnlar flbre which you have 
seen in a former lecture. The muscular fibres un- 
der the influence of tbe wUl are cbaracteriied by 
the ezUlence of transverse Hues, which are seen 
In PUte XXI, these lines ruuDinft at right mglee 
to the axis of the fibre. Bitt if you look at this 
flbre of organic life, you will see no such mark- 
ing. Further, tbera ia not only this Anatomical 
difference, but there Is a striking Physiological _ 
contrast. Those of animal life are easily stimu- 
lated by tbe Inflaeoce derived from the nervou* 
system, as well as by that of galvanism transmit- 
ted along tbe nerves. 7^Ae**,on the otber band, 
are completely removed from Ibe Influence of the 
win, and are not readily acted upoD by a atimuiu 
applied to tbe nertes going to the digestive cavi- 
ty. If, however, they are stimulated directly, the 
irritation being applied to tbe fibre without irar- 
ersing tbe nerves, contractions will take place, 
tbonghofaslow and Inert kind ; neverthclesa enf- 
Qdent to keep up Chose peculiar movements which 
are necessary for expoalog ihe contents of the di- 
gestive organs to tbe direct action of the secreting 
and absorbing surfaces. Tbe natural atlmnlna to 
their contracclona is tbe food contained within the 
digeetlve canal. Thus no intervention of the will 
la required In this part of the nutritive process.and 
scarcely even that of the nervona ayaiem Itself.— 
There are atlll other tunics recognized In the struc- 
ture of the iDlestlnal canal, but it Is uuneceaaary Id 
refer to these, as they have little physiological Im- 
portance. The arrangements of the muecular 
fibres of the human stomach repretented in this 
diagram, (Plate XLIII,) where yon have one let 
passing aroun^ It and another parallel to its axis, 
tbese two kinds are rapeated dirongh the whole 
length of the intestinal canal, and are suffldent to 
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Drodaee all those notions wbieh are necessary for 
tbe transfer of food firom one part of the canal to 
the other. » 

Oa examining: the dif- 
ferent forms of the intes- 
tinal canal belon^inff to 
the third ji^apf referred 
-A to above, the dlrisions ex 
hibited in the accompa- 
nyinj? fiffure, of the difres- 
tive canal of a Fish, are 
, to be noticed; following 
^^ the month and oesopha- 
cms, tbe stomach (a); snc- 
ceedini^ this, bnt separa- 
ted from it by a valye, the 
small intestine (6); and 
lastly, the large intestine, 
(c) also separated from 
Dtgfstiw Oa naiofa Fish, the preceding portion by a 
Talve. Subdivisions resembling, if not precisely 
similar to this, exist even among Invertebrates. 
Here is the intestinal canal of an Insect, (Plate 
Xy divided into different parts, a part corres- 
Platb XL. ponding to the gnllet, then a 
second portion to the stomach, 
or digestive cavity and intesti* 
nal canal. In this, which is a 
microscopic animal, belonging 
td the articulated type, (Stepha- 
noceros) there exists an appa- 
ratus for grinding up the food, 
situated just above the diges- 
tive cavity, almost as complex 
as that met with in any of the 
higher animals. 

Passing to tbe iatestioal ca- 
nal in the Vertebrata, we have 
tbe simplest form in the class 

Sbue^nta CoHoi of <>^ Fishes, consisting of a canal 
anlnsea. leading from the month into 

the stomach, the stomach generally carved upon 
itself, and (PI. XXXIX a) separated from the intes- 
tines by a valve formed by the folding of the mo- 
rons meml»ane; and then a canal more or less 
convolated upon itself, bnt shorter than th6 whole 
length of the body. 

Besides tbe canal itself, there is nsnally super- 
added the two organs situated at the commence- 
ment of tbe intestines, which pour a secretion into 
its cavity for facilitating digestion. One of these 
organs, the liver, discharges its secretion, the bile, 
on one side, and the pancreas, which is the second 
secreting organ, on the other. In most, however, 
this last, instead of being a massive gland, as in 
sharks, exists in the form of a series of tubes, oft- 
entimes quite numerous, but which serve the same 
purpose, being a more simple condition of a gland- 
ular or/;an. 

In Reptiles the digestive organs bear a strong re- 
semblance to those of Fishes ; for, like them, they 

4 




are inostly camirorons. In ToitoiMi, howereft 
which are mostly vegetable eaters, there exists a 
striking difference, as is the case with all vegetable 
eaters, compared with Camivora, in the relativa 
length of the intestinal canal, that always having a 
greater length in animals living upon Tegetabto 
substances. 

In passing to Birds, we hare a modification of 
the whole apparatus of digestion, which seems to 
have a relation to the peculiar kinds of locomo- 
tion ; the arms being no longer subservient to 
taking tbe food; but changed to wings, they have 
a substitute for them in tbe bill, representing a 
hand, or perhaps more properly 'a thumb and 
finger, which they use for taking hold of objects, 
particularly in building their nests ; and the neck 
seeming to take tbe place of an arm. In order 
that their motion may be effected with the great- 
est facility, the centre of gravity ought to be in 
the central space l)etween the two points to which 
the wings are attached. 

Now if the head should contain organs of mas- 
tication and muscles to move the jaw, there would 
be so much added to the weight of the body, in 
advance of tbe centre of support, and consequent- 
ly bring tbe centre of gravity nearer the anterior 
portion. In order that the weight may be equal- 
ized, the organs for grinding the food are omitted 
in the Jaws of birds, and they have as a substitute 
for them a gizzard, which may be regarded as a 
stomach, in which the muscular walls have be- 
come thickened, and their cuticle so far developed 
as to form grinding surfaces for acting upon the 
FLATS XLL ff^^ ifjiiig y/fQ jjny^ nn i,. 

stance in the stomach of the 
cuticle assuming the same 
form and character as we have 
on tbe palm of the hand and 
on tbe sole of the foot, only it 
is more dense. Or in other 
words it is only necessary to 
have certain circumstances to 
exist in order to have mucous 
membrane change, to skin.— 
But as these changes of the 
structure of the stomach vary 
in accordance with the food on 
which birds subsist, so as in 
other races yon can determine 
the zoological relations of animals by their teeth, 
here yon can accomplish the same pun>08e, 
though less accurately, by their stomachs or giz- 
zards, these being modified according to their 
particular kind of food. We have one kind of giz- 
zard for a vegetable diet, a second for a mixed kind 
of diet, and others for animal food. The purely 
flesh-eating bird, having a simple cavity with 
thin walls, the omnivorous bird having an inter- 
mediate form between the two extremes. 

Passing Arom the Birds to the Mammall, we 
have the intestinal canal likewise modiAod 
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witb TefsrenM to 
pariicQl&r kind of fbod 
onwbich tbey subsist, 
ir ihe food be enllrel; 
of aaimsl aaLnra, [be 
Duch is very alm- 
a in tbis of a cur- 
ia anlm&l. (Plate 
XLII.) The bnman 
Blomocb may be cited, 
Stomna-if »Dof. u sn example, (Plate 
XLIII) In whtch tbere la an elongated fonn, and 




. anotber (Plate XLIV.) snited to a Tegetable dtet 
and In wbich there b a snbdlrialOD Into two 
catidei ; one cavltr, lined with cnticle, Besmlnit to 
act aliQplj at a reserrolr for food, and ibe other la 

- for the secretion of ihe Rastric flaid, and for dlgei- 
Hon. In Plate XLT, the aiomacb la atill more 
complex, consjatinic of foar caTlilee— tbe flraC 
■ervlngforlbe temporary lodBm ant of the food, 
■ndlnwbleb Hnndergoeaa kind of maceration'; 
•Aer whloh. the food la carried bacli iatotbe month 
—la re-maatloated, and thence Into tbe aecond ato- 
mach, and then lolo Ibe tbird— tbe function* of 
ibetetwolatt beinKBnknown; and finally Into the 
fonrth, which ta the tnie diffsatlve caTlty. Thla 
pmenta the most complex form In which the aCo- 
mach ia fennd. 
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Sb/maa iif a Sim. Slenuc^ of a Ctif. 

If It tie asaerled that the complexity of tbe sto- 
mach la iacreased in proportion aa tbe food aasumee 
more and more of a Tcgetable character, tbe aaaer- 
lioD'wonld be too strouK. Tbere are exceptions 
which It tl almost impoBsIble to brlns under any 
rule. The food of the borae and tbe ox differ but 
Httle, yet tbe stomach of Ihe former it simple, and 
that of the latter quite complex. Thut tbe uier- 
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tltm oamiot b* reRHded ■ 
■taleaient la oorrect la the m 

In attempting to determine Ihe uses of Ihe dif- 
ferent parts of the Inteatlnal eanal, we baie lo 
consider, firat. those change) which take place In 
tbe month ; sacood, tboie which take place Id 
the stomach, and third, those In Ihe Intes- 
tine. The changes Id the moHlb are of a me- 
chanical nature, already described ; bat betide* 
thla, there Is the addition of Ihe secretion from the 
sailrary glands. The gaeslloa naturally arlaea. as 
to bow far tbe addition of this flald i« necessary 
for the proceas of digestlo*. In reply, It may b« 
8tated,that tbere is no positive erldence ihat tbe 
aecreiion of saUra Is necessary for cairying on the 
digestive proceas. In itself. It has bo effect on the 
ordinary articles or diet For It has been found 
that they undergo no mora duuKt when placed lo 
this, than wbal takes place in so sach water, with 
Ibe exception of those articles wblcb conK^n 
starch, which the saliva seems to convert Into sa- 
wa. With regard to those animals who only bolt 
their food, the salivary glanda are bat little devel- 
oped. But IF an animal chews its food much, and 
it la dry, [he salivary glands are vary much devel- 
oped.. So that there is a constant ratio between 
the development of these gUnds and the mote or 
less dry nature of the food on which tbe animal* 

With regard to the changes which take place In 
Ihe sto^nach, these have always been a fkvorIt« 
Beld of enquiry among Physiologists, and hava 
also been the souree of more fniltlets speenlatloa 
altnost any other subject. It wonld seem 
that a procecs so much under the observation of 
ail, could be determined easier than others which 
are furlber removed. Bat, considering tbeamount 
of attention which has been given lo the soblect, 
less positive lesalts havebesnobtalned than might 
have been expected, thoagb soma of the more 
important changes which take place have been 
determined. In examining tbod as ll passes from 
the month, yon have It more'or less mechanically 
divided. Ii passes into tbe stomach, rematat thero 

eertala length of time, and then Is dissolved. It 

o longer presents tbe cbaracters which II had on 
being swallowed. Ton are no longer able to re- 
cogniie it as II was Introduced Into the month. 
How Is II that food, consisting of a great variety 
of arlidea, afler remaining in the atonuch a cer- 
tain length of time, la converted Intoabomoge- 

loua pulpy fluid ? 

It is not necessary for me to enter Into the da- 
tijla of tbe various theories which have existed on 
this subject. I will refer to the only one recog- 
tha present time, as founded upon an ac. 
curate basis. And this, tbe explanation which 
dates hack as far as tbe latter part of tbe last cen- 
tury, and which originated witb Spallanianl.— 
SpsllanianI was the first wbo attempted lo ex- 
plain this process from actual observation. Bean- . 
ihow that It was by tbe mechin* 
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iMl divMmi ef the fbod thftt4t««sitIoii took pliM, 

«lth€r by the teeth or by the mechanical aetlon of 
the eoatfl of the stomach. 

Spallansani commenced his observations at the 
earae time, and saw At once tlie folly of Reaomer'e 
experiments. He saw at once tiiat the reason why 
the food was not dissolved when it was introdnced 
into the 8t6mach was, that the seeds were intro- 
duced whole, and the haskfl were insolnble. Ac- 
«ordiDi:ly, Spallaosani modified the experiments 
in a xreat variety of ways, introdncinff the snb- 
stanceb into the stomachs of Birds, and allowing 
them to remain there a certain lenfrth of time, he 
proved that Uie solution of the food was not de- 
pendent upon the mechanical action of the stom- 
ach, but upon some other canse, supposed to be a 
peculiar fluid secreted by the coats of the stomach, 
and his nextvtep was to obtain some of this fluid. 
Accordingly, he introduced into the stomachs of 
Birds, sponges, tied to a string, and withdrew them 
when they had become saturated, their contents 
being squeesed into a phial ; and performing this 
operation several times, he obtained a sufficient 
t|uantity of fluid. Experimenting with this, he 
found that if all tiie conditions of temperature, 
eubdivieion, &c., were attended to, that digestion 
could be performed out of the stomach as well as 
within it. 

The result was, that by experimenting with the 
irastric fluid thus obtained, he produced all the 
phenomena of digestion out of the body. He de- 
termined positively the existence and the action of 
this fluid, and ail subsequent observers have done 
but little more. They have experimented in dif- 
ferent ways, but have done little besides following 
in his footsteps. Some observations were made 
by Mr. Hunter, the celebrated English Physiolo- 
gist, which are of interest, relating to the action 
of this fluid on the body after death. It would 
eeem, that this fluid does not act on the tlssnes of 
living animals, otherwise the stomach itself would 
be digested. Parasitic animals resist its action.-^ 
Mr. Hunter observed several instances ' in tlie hn« 
man body, in which the stomach was found per- 
forated after death and the contents had escaped ; 
and this generally in persons who had died sud- 
denly, in good health and after a full meal. This 
perforation presenting on its edges all the appear- 
ance of digested tissues, he ascribed It to th*e ac- 
tion of the gastric fluid, which before death could 
not act upon them, but the moment life ceased, 
they were digested as the contents of the stomach 
themselves would be. 

The most complete series of experiments, how- 
ever, are those with which all are, perhaps, more 
or less familiar, performed by Dr. Beaumont, 
a late Surgeon in the, IT. S. Army, on St. Martin, 
an individual who had received a wound in the 
efde of the body, and in whom the stomach com* 
municated externally. He had received a gun- 
shot wound in the side, which not only perforated 
the chest bnt also the walls of the~ stomach ; and 



when the proeeaa of hmHiig waa eomptoted, iiiwt 
was a union between the edges of the atomach and 
the skin on the outside, so as to form a free com*- 
mnnication externally, Subaeqaently, there waa 
ft>rmed at the entrance, a valve, oeaststing of fold* 
ings of the mucous membrane of the stomack 
These foldings, coming in contact with each other, 
acted as valves and retained the food, but allowing 
a thermometer or other body to be introduced, and 
the condition of the organ examined. 

A vast number of experiments were performed 
on the digestibility of different kinds of articles of 
diet, the condition of the stomach in health and 
disease were determined, its temperature, motions, 
&c. accurately noticed. There would not be time 
for me to enter into the details of the results, but 
they are in all respects confirmatory of those of 
Spallanzani. 

The existence of the fluid being a matter about 
which there can be no longer any doubt, the other 
conditions necessary for carrying on solution of 
the food, are tiie simple mechanical action of the 
parts and a certain temperature. The food bebig 
introdnced, the communication between the stom- 
ach and the canal beyond (Plate XLIH, left side 
of the flg.) being closed by the valve, the muscular 
coat of the stomach begins a series of actions which 
give the food a progressive motion, as was noticed 
in St. Martin, where the food could actually be 
seen, the different articles passing in succession 
before the opening. The ol:ject of this movement 
is evident ; it serving to bring the surface of the 
different substances contained in the stomach in 
contact with gastric fluid, which constantly se- 
cretes by the wall^. After the food has been re- 
duced to a fluid condition, when the food is digestr 
ed, then the valve relaxes, and allows it to pass 
firom the cavity of the stomach into the intestines. 
All the ingredients are now reduced to a oonditioa 
in which the original materials cannot be detected, 
nnlcfSs they be of an oily or fiatty nature. The oily 
substances are merely minutely divided, but an 
otherwise unchanged. 

Passhig flrom the stonMch, the contents undergo 
another change in the intestinal canal. And that 
is effected by two secretions, the secretion fh>m the 
liver which is poured into the intestines of the hu- 
man body. This tube (Plate XLIII, left end) re- 
ceives the secretion from the liver. The nse of 
these secretions is not fhUynnderstood,with regard 
to the process of digestion. The secretion from the 
liver is itself something withdrawn from the blood, 
which it is necessary to remove, in order to pre- 
serve the blood in a condition suitable fbr nourish- 
ment; and it doubtless subserves some nsefhl 
end in digestion, though Physiologists are not 
agreed with regard to its precise use. But the pan- 
creatic secretion has the power of converting oHy 
substances into an emulsion. And this seems to 
be necessary in order that the oily matters may 
be taken up. 

If yon have a wet animal membnme, and im- 
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vtrae It tn oil, the^oil win not be abtorlMd ; aad ut 
lllnstration of this ezfBts in the common fat cell.— 
Bat if the oil be converted into an emaMoa, then 
absorption may be effected. So lonir as the walls 
of the cell are wet, the oil is retained in^he caWty. 
Bat the moment that the wall becomes dry, it 
passes through and beeomes Tisibl^ on the sarface. 



In OMier thai the abforptlMi of ^o0j nalttn mtLj 
take place, it is necessary that they be converted 
into an emalsion,and this may be eirected,certainly 
oat of the body, by the aid of pancreatic flaid. We 
have thas the food converted into a flaid ; and the 
next step is its passage into the blood, which will 
be the sattJect of the next lectors 



LECTURE VI. 



In the lastlectnreVevidence was adduced to show 
the existence ef a solvent flaid, secreted by the 
walls of the stomach ; this evidence was derived 
finom the experiments of Spallansani* Hanter, and 
the more recent observations of Dr. Beaamont The 
latter had an opportanity of seeing it appear npon 
the surface of the mucous membrane, and was en- 
abled to collect it and experiment upon it, both in 
and out of the body. t 

That it acted as a solvent, there was abundant 
eridenoe, and the only condition necessary for it 
to digest out of the body, was the existence of a 
temperature similar to that of the stomach, vis. 
one hundred degrees. 

If the temperature was as low as thirty-four de- 
grees, then artificial digestion was arrested. 
' The process of solution of food In the stomach 
was shown to be gradual, and to facilitate it certain 
movements existed, caused by the contraction of 
the muscular coat of the stomach, by which the 
oontents of the stomach were kept constantly agi- 
tated. As fast as the food was digested, it was 
discharged through the passage of communication 
between the cavity of the stomach and the intes- 
tine, which was effected in this manner. The dis- 
solved portion of the food accumulated towards 
the pyloric portion of the stomach ; this was sep- 
arated from the other or longer portion by a con- 
traction of a few of the muscnlar fibres, the stomach 
being thus divided into two cavities ; the on^hich 
contained the fluid then contracted, and its contents 
were forced past the valve into the intestines ; after 
this, the circular fibres relaxed, and the whole 
stomach was thrown again into one single cavity. 

All the substances are reduced to a fluid condi- 
tion in the cavity of the stomach, and are changed 
■o as to be no longer recognisable ; but all fatty 
globules, whether in the form of butter or oil, un- 
dergo no other change than that of mechanical 
subdivision. 

In passing fh>m the stomach to the intestine, the 
whole contents of the stomach became subiect to 



the action of new agents ; one secreted from the 
liver, vie the bile; another from the pancreas; 
both of which are discharged into the intestine 
near its commencement. After the admixture 
with these, the oil globules very soon disappear. 
It was supposed that the bile had the power of act- 
ing upon the fat, so as to render it capable of ab- 
sorption. It has been shown, however, that the 
pancreatic fluid has this property of con verting the 
oily matters into an emulsion, which makes them 
capable of being absorbed. 

The secretion of the bile is to be regarded as a 
process for the removal from the blood of certain 
carbonised properties, which removal is necessary 
for maintaining the blood in a proper condition. 

Thus far the fluid formed during digestion is to 
be regarded as being situated on the sarface of the 
body. 

It was shown in the last lecture that the mucoue 
membrane is an extension of the skin, and all tl.e 
contents of the intestine areas much upon the 
surface as if in contact with the skin itself. 

The next stage in the progess of nutritive fluid 
is that process by which the dissolved fluid is in- 
troduced into the tissues of the body. 

Before entering into a description of this pro- 
cess, I would call attention to the property which 
most of the tissues have of absorbing fluids ; this 
will'assist us ia forming a conception of the man- 
ner in which absorption takes place. All the tis- 
sues of the body, excepting the enamel of the 
teeth and some of those of low organization, have 
the property of absorbing flaid to some degree.— 
If a portion of dried membrane be placed in wa- 
ter, it will soon recover its original flexibility and 
natural appearance. The presence of water in the 
tissues is absolately necessary for maintaining the 
conditions for performing their functions in the 
animal economy. A large portion of the weight 
of the whole body is dae to the water, which its 
tissues imbibe ; if a piece of muscle be thoroughly 
dried, it will be found to have lost three fourths of 
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Um welitht, and blood by tbo ottpozatlon of ito wa« 
ter is reduced to foar-fifths. Blomenbach had (he 
mammy of a 6aanche« a native of the island of 
Teneriffe, whioh, although the skin was entire and 
all the organs stiil within it, from the mere evapo- 
ration of the watery flaids, was reduced to a 
weight not exceeding eight pounds. 

The abstraction of the wateiy fluids is incom- 
patible with the performance of vital processes. 
There exists an exception to this in some of the 
Infusoria, especially the Botifers, or '' Wheel Ani- 
malcules." These may be dried up without de- 
stroying their vitality, and on moistening them 
with water, even after a long period, they will move 
about as before. Tliis has been proved by Spal- 
lanaani, and more recently by the French Physiol- 
ogists. A Wheel Animalcule, or Botifer, was seen 
to become dry under the microscope, and after 
being laid away for several months, was replaced 
under the micro8cope,and water added, its parts be- 
came moveable, and the animal manifested all the 
evidences of vitality that it did before. 

Different fluids are absorbed in different de- 
grees. There is nothing which is absorbed so 
readily as water. Take three strips of dried blad- 
der, place one in water, one in alcohol, and one in 
oil. Absorption of the fluid will take place in all. 
The one placed in water will acquire its flexibility 
again ; the one in alcohol will be wetted by it, but 
does not recover its flexibility except in the slight- 
est degree ; and the same will be true of the one in 
oil One bnodred grains of bladder will absorb 
three times its own weight of water, but less than 
half its own weight of alcohol. 

Another peculiarity which I wish to call atten- 
tion to before speaking of absorption, is that of the 
property which different fluids of different densi- 
ties have of mixing with each other. If you place 
in ajar, in the lower part, a mixture of sngar and 
water, in the form of syrnp, and if water be added 
carefully above this, there will be at first ho mix- 
ture ; the water being lightest, will float on the top. 
But if you allow them to remain a certain length 
of time, there will be a faint line between the two, 
the water beginning to descend, and the syrup to 
ascend, and at last the two will be thoroughly 
mixed together. 

If water be placed at the bottom of the jar, and 
alcohol above it, or if sulphuric acid be the lower 
and water the upper fluid, a mixture will take 
place ; though in all other instances, the heaviest 
fluid will be at the bottom. It will rise towards 
the surface, and the lighter liquid at the top will 
descend through the heavier one at the bottom : 
the mixture being thus effected in opposition to 
the law of gravitatioD. 

If you will place between two fluids of different 
densities an animal membrane, the result will be 
more strikiDg. Tou have here a glass or vessel of 
this form. (The Professor exhibited a glass ves- 
sel, something like an inverted tunnel.) This is 
filled with syrup. Into the top is inserted, through 



the optniairt • tobe, whieh is fitted perf^cUr tight. 
This vessel resta in a shallow dish, filled with wa^ 
ter. Now, if this be allowed to remain a oertafan 
length of time, the syrup and water will mix to* 
gether ; some of the syrup passing through the 
bladder to the water on the outside, but more of 
the water will pass to the syrup on the inside. The 
water has a stronger attraction for the membrane 
than the syrup, and will be imbibed by it in^ larger 
quantities ; but when it reaches the inner surface* 
it becomes diffused through the syrup, just as it 
did in the glass jar. The syrup having a feeble 
attraction for the membrane, passes in much 
smaller quantities to the outer surface, and there 
mingles with the water. 

You have on the inside a greater density than on 
the outside, and the current is in a direction from 
the fluid which has the least density, to the fluid 
which is of the greatest density. [The Professor 
exhibited an instrument which was described by 
Dutrochet many years ago, and called by him the 
Endosmometer.] The fluid has arisen to this posi- 
tion (to the height of eight or ten inches), and in 
the course of an hour or two more would flow over 
the top of the tube. This would keep in operation 
several weeks. Indeed, it has been kept in opera- 
tion four or five weeks at a time, the water flowing 
continually over the top. But it must be remem- 
bered that while a current exists from the water 
towards the syrup, there exists also a current, 
though a more feeble one, in the opposite direction 
— thus while the syrup within the vessel becomes 
diluted with the water which enters it from with- 
out, the water becomes sweetened by the passage 
of the syrup through the membrane from within. 
To these two currents Dutrochet gave distinct 
names ; the inward current he denominated endot* 
mosia, and the outward exosmosis, or irjlowing and 
outflowing currents. 

This property of the admixtqre of fluids, and 
this attraction for membranes, lies at the founda- 
tion of the explanation.^ of the process of absorp- 
tion ; for absorption is regarded as a nearly iden- 
tical process with that of the imbibition of fluids 
by membranes.' 

I referred to the fact, that the passage of the 
fluid was from the side which is least dense to that 
more dense; from the water which is least dense to 
the syrup which is more dense. This is generally 
true, but not, so in the case of alcohol and water. — 
If the alcohol be placed on one side and the water 
on the other, the water will flow towards the alco- 
hol, which is the least dense. This is because the 
water has the greatest attraction for the mem- 
brane—for it will be remembered that in alcohol, 
animal membrane absorbed only half, but in water 
three times its own weight. 

To this process in the organic world, it will be 
necessary to refer, as it exists in the simplest 
Plants. These, as has already been shown, con- 
sist of single cells, each cell composed of a mem- 
branoos wall, with a fluid in the interior. That 
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cdl npidir iDcraMM, klMr It <■ detached ftom Hi 
pweni. How it tbit effected ! By tba abMrpUori 
of tbe fluid b; wblch It Is aurroDnded ; abtorption 
taking place tbroash tbe membraDe, ftvm the 
onier larface. towards the Inner. Here absorptioii 
ia carried on bjr tbe whole surface. 

Bat If roa examine a Plant more complex, tber« 
are certain parts of ft to wbleb tbtadat/of ab- 
•orpUoQ is delcKaled. Sappoae 7on baTeaplaot 
with lesves. a stem and roots. Absorption may 
take place throngb tbe roots orlhroagb the leaves, 
bat the Said materials are absorbed more abaa- 
dantly through the roots. The absorblofc portion 
of Uie root Is its free extremity, or "tpongioU," 
which consists of a series of cells mnch leas flat- 
tened than Ibose fbrmiog the cntlcle of the oiber 
portions of tbe root) In thecemr^oraxls of tbe 
root are tbe elongated cells, nnlted end to end, 
forming the Teasels by which tbe absorbed fluid la 
traaaferred to the stem, and eTentaally to tbe 
ieavea. In plants yon bare the introdnction of flu- 
ids by the gGDera! anrface In the lower formi, and 
by apecial organl In the higher. 

Let ns look next into the animal kingdom, and 
see how tbe process la effected there. Tbe sim- 
plest anlm^ la tbe Hydra, to which we have ao 
often referred. The stomach ia regarded aa a con- 
tinuation of the akin, jolded In ttpon Itaelf. The 
proceas o< absorption la cfliected there by tbe sira- 
pie membranons anrface. jnst aa it Is in the sim- 
plest plant, or without the aid of Tcaaels or tnbea 
of any kind. 

Bnt If yon aacend the acale, you irtll And that in 
addition to a simple apparatns of this ktnd.tbere are 
some provided with yeaaela wbicb ramify beneath 
the anrface. and Into wblcb the fluid Is Introduced ; 
others, in whith tbe surjace is proTided with pro- 
cesses of a cylindrical or conical form, and these 
odentimea In tbe higher anlmela exiatInK in Im- 
mense nnmbera^ aa many as 3900 baye been 
counted on a single eqnare Inch of human intes- 
tine. They are known to auaiodilsts by the name 
otnitti; and the mucous membrenc, of which 
tbey are a part, is often called the villons coat of 
tbe intestine.' Each villus is invested (Plate XLVI} 
Pi*™ XL VI. Pl.iti XLVII^ 



walls of tbe IntestlDe to the ipaee between the 
mnscnlar and outer tunic, where It Joins similar 
s from the other villi, as shown in Plate 
XL7II. This vlllus Is In many respect* like tbe 
spontdole of the plant. Thiu yon have in animali 
iwo kinds of absorbing apparaCuai one by the 
'al surface, and one by organs appropriaUd 
eepeclally for It. 

Id tracing the vessel In the Interior of the villut 
yon will find that It baa no communication what- 
ever with the inrfaceof tbe cavity of the Intestine. 

The whole proceaa of absorption was thought 
fonnerly to be carried on bypaaalng through open 
pores at the extremltlea of the vesaela contained 
In tbe villus. But more recent Investigations with 
tbe mierOBcope show conclnaively that no such 
commnnlcatlon with tbe surface exists. The ab- 
sorbed flnld passes through these celts on tbe sur- 
face to the cavity of the vessel within ; it does this 
in virtue of the very property, which I have re- 
ferred to, which animal tissues bare of Imbibing 
fluids. 

The vessels Ttojd the dWerent villi uniting, fom\ 
tmnks, which in turn gradually unlte,as shown in 
plate XLTIII, flg. A, and at length terminate In 
tbe large duct, which dlacbBrgea iu contents into 
the greaWein near the heart. 

Pu™ XLVIII. 




with ft layer of cylindrical cells regularly disposed, 
and within It contains tbe commencement of a 
vessel ; this vessel, however, may begin with a 
single or several extremities or brunches ; these 
lost nriiting form a trunk, which posses through 



, Flax nf ObculaUeti. 

These vessels or lacteals are so called, because 
they have a milky appearance. Their diacoverj- 
resulted from a casual observation. Asetllns waa 
surprised. In the dissectlou of a dog, to see several 
white lines which bo bod not previously noticed 
on the surface of the intestine. In after dissec- 
tions It happened that ha would not always detect 
them. Eventually, however, they were found to 
be associated with the process of digestion and 
were al last proved to be the vessels by which the 
digested flitld was carried towards tbe organs of 
circulation. When ibe observations were first 
made, in passing to Itielr commencement, the ves* 
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Mb wen tnuted no foTtlur (baa tbenrAesofUw 

IntMtlna. It is ODlyqailerecemtT tbat the; bare 
been traced down Into the villi. IF [he villi be ob- 
■erved nllh tbe microscope, in penous or animali 
wblcb bava died when tbe procegs of digeBtiiD 
WM itolnn on, it it easy to demonstrate the man- 
ner in wbicb th.j lacteale beRin. 

Tbe lutesli bave tbe follovlni; strnctDre. Tbe 
wall) o'f tbe Teuels are pecDliarlr ibln and dell- 
cam, totbta tbac, nnleiB Uiaj be dltiended wjtb 
aome opaqoe iniMlanee, tbey ara uaailj IdtIiI- 
ble. Tbelr alrnctnre, bowever, is aomewbat com- 
plex. Tbe knotted appearance wbicb tbe7 pre- 
sent exteraiUlr, results from tba existence of 
TalTBB. Wbicb are qaile nnmeroas, and formed by 
■eml-drcular folds of tbe lining membrane, a« 
■bovn In Plate XLIX. ; arranged In palr«, and 
Plii^ILlI. ;|„i|. odgaa coming lojtether, u> aa 
fln to prevent the flow of the fluid, 
JSD except In one direction; that ia 
t^Ki towards the vascular Bfstem. The 
I^Bf bodies called ganglia, or knots, 
i^H , wblch are developed on the lacteals, 
I^Bf 10 far as their slmctare is kno> 
KJcM^ taf-"* "opposed to be made np of a 
itai. series of couTolntloni of tbe lacte- 
als npon eacb other. The contents of tbe lacte- 
al! pass ihrongh these 'gabxlis, as will be shown 
bereafter, and DOdergoan Important cbange. 

In passing from Che dlgestlTe towards tbe rascn- 
lar system, It will be seen that the trunk (see Fl. 
XLYIII] formed by the anion of all tbe lacteals. 
Is Joined by another trunk from the iteneral circn- 
latlon- This tmnk has a stmccnre similar to that 
of the lactealJ, but is connecied, however, with a 
process which lakes place fn the tissues of tba 
body, wblch I than bare occasion to refer to in tbe 
next lecture. 

Tbe vessel fbrmed by the nnfon of Ihese two 
tmnks, Til., the lacteal and lympbatic, diicharges 
Ita contents intoagreat vein Just before it reaches 
the heart. 

With regard to tbe passage of tbe fluid through 
Ibeee lessels, the question may arise as to the canse 
which propels tbe chyle through the lacteals.— 
Ton may look In tbree directions to discover Ibis— 
the heart Itself, tba walls of the vessels, and to 
some force at the commencement of them fn the 
Intestinal canal. That the heart Itself can have no 
action OD tbe movement of the fluid In these ves- 
iels. Is evident; since such an effect conid not be 
produced nqless yon can suppose that the heart' 
exerts a suction power, of which there Is no evi- 
dence. Tbe walls of tbe vessel Itself are not con- 
tractile. They have been seen under the micro- 
•cope in the llTiog animal, but their size hi nnUorm, 
nniess some extemalstimolos be applied. So Ibat 
yon most go still fartber back than this. If the 
vessel be divlded.no matter how near to its origin, 
yon will flndtbattbe Bald will constantly Bow out 
TonbaTOonlrto recall to year miad, tbe condl- 



Uens of the awieU of Oa sap In plania, and yon 
have an explanation of the motion wUeh, takes 
place in lacteal*. 

If a tree or a plant be divided in the middle, and 
the upper portion of it be Immersed in a vessel of 
water, the process of absoiptiou will continue to 
goon, as will be found by tbe evaporation from tbe 
leaves. But if the roots of the loner portion be 
fmmereed, the fluid will rise acd make its appear- 
ance on the cut end. 

There are therefore two lources of motion, one 
derived fh>m the leaves, and tbe other From the 
roots. Tbe existence of this last cause of motion 
was demonstrated by Dulrocbet, who, cutting oCT 
tbe tmnk of a plant and flndiOR that there was still 
a flow of fluid through It, continued to make sec- 
tions lower ani lower down; bat so long as tbe ex- 
tremity of a root remained, the fluid was iiill found 
to flow. That this force, originating in the rooi^ 
Is snScient to circniate fluid towards the leaves. Is 
obvious ftom the experiment of Hales, who prov- 
ed by tflng a glass tube to the cut end o( a 
grape vine, that It would support a quantity of 
Mercury equal to forty-three feet ol water— exert- 
ing a pressure greater than thaiof a single atmos- 
phere. A (orce similar In character Is exerted by 
tba villus of tbe intestine, but a' comparacltelj 
slight one would be necessary to carry the fluid a 
distance of a few feet (h>m the intestine towards 
the heart. 

Ton bava next to ascertain bow the fluid Is dis- 
tributed to different parts of tbe bod;. And this 
brings us to the vascular system, properly speak- 
ing. Where no vascular system exiata, the nutri- 
tive Quid is distributed by imbibition. The simplest 
form of a vascular system is that which exists in 
many Insecis—conslstlng of a contractile vessel, 
seeming to fulSI no other end than that of keeping 
the fluids in a state of agitation. The heart con- 
slstsof along pulsating vessel, as shown In ^late 
FuTi L. L, extending tbe length of the 
body, but perforated at tbe 
sides by numerous openings at 
regular intervals, puts LI. 
(Plate LI). At- 
tached to this 
vessel there a 
muscular bands 
on each side, 
which have the 
power of pnUicE , 
Its walls apart 
and dilating its cavity ; at each 
opening there Is a pair of valves 
which allow the blood to Bow 
""' "'in, but not to escape in the op- 

posite direction'— at the head, this vessel, which is 
called the dorsal vessel, divides into two branches 
.which descend on efcb side, then uniting form a 
long trunk on ttaenndertldeoftbebody IFiateLII) 
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Fun UL wbleb JohH Ibe npper trunk it tbc 
pMtaHnr part of Ibe body. Tbe flu- 
id circalatM In the appar vsaael lo- 
wwds tbe bead, in Ibe lower la tbe 
oppoilie direciloa. Ai It moTss, II 
eltber eicKps* by opao montbi. or 
wbBt i» more probable, by paiatoK 
ibrDafib tbe aubataoce of ibe walla 
Idio Ibe tluuea, wbere It U no loo- 
KerconSned to an; deSDlle caTlij. 
Flowlnti freely amonn tbnm. ii floda 
Ita way back inlo tbe cariiy of tbe 
vessel, at eacb dilalatlon, tbronsh 
tbe lateral openinsB above dMCrib- 
ed. 
In iha Lobster, at tbown In Plata 
rata tf ScoIb- ''"'■ '''" O'"*-"' "f clrcnlallon are 
ptMni more compleie. and are provided 
wllb a central pnltalinK beart— circniailnjc blood 
Fun UII. to dilTereDi parti of Ibe 

body eJter It bas passed 
Ibe respiralorr appara- 

Bailna itlll more ad- 
vanced cnndllloD of tbe 
organs of circnlailon. yon 
Lave a series o( veuela. 
rormlojt Ibe closed circa It 
In wblcb ibere exiata no 
entrance oiber tban tbat 
throuirb Iba absorbioK 
anrface, and tbe blood la 
fcept conitantly In motion 
.'■ ■ thiODHb a definite chan- 

Ij,f„ar. ■'^- ^°*''' " circulation 

MMlata of a eeties of vei«el« which distribute 
blood to the different parta of the body, and othera 
whfcb return It thence to tbe beart. Tbe pulas- 
ibift part is reduced to a very small compass, as 
ebown in the Cnltle-Fiab (Plate LIV), where yon 
PuTE LIV. havethehaartlntbecen- 

tre, and from which vea- 
aels (arleiies) pass to 
tbe dlAarenl portions of 
tbe bodyi-and by another 
series (veina) is brongbt 
back to ibe orjtana of res- 
piration, tbroDKb wblch 
it passes, and tVom thence 
back to tbe bean, to com- 
mence Ibe circuit anew. 
Tbebeari,lnallth|prace, 
Includlnit Snails, Slofts, 
Muscles, and aimilar an- 
imals, conElsls of iwo 
cavities, one of whieb re- 
CXrealailan n/a CtUfii Fiit. cclves the blood from 
Ibe tnuKS or ffllls, and iben traaamits it to a second 
cavity, wbich forces It ihronKh the body. In tbe 



Cnttle-Flihea, howfw. tbere are two iddltlonAl 

cavities for forcing the blood tbrouffh tbe organs 
of respiration ; bnt these are not very remarkably 
developed. 

Tbe simplett heart which we bave, then, coii< 
sisis of a doable mnscnlar sac Oa looklag at It 
within, to ascertalnlta itrnciurs, tbe first portion, 
wbich is called the auricle. Is always separated 
lyom tbe aecond by a valve, whieb will prevent tbe 
blood from passing back when It bas once entered 
the second, or ventricle, from wbich It la aent to 
all parts of tbe body. The heart of Holluaks be- 
injt so sitnated as locircolate ihe blood through 
the Mueral tissues of tbe body first, is called a 
systematic bearL 

In flihea, where there is tbe same iteneral plan, 
the heart. Instead of aendluK the blood first thro' 
the general syetem, circnlaies it tbroBKh the or- 
gans of respiration. Ton have here (Plate LY) tbe 
Flits LT. heart with Its first and second 
cavity, iheu ablood-vessel pass< 
Init towards the rIUb. and after 
passing through tbe kH's, it 
reaches tbe main artery, by the 
branchea of which the blood la 
distributed to all the oricana, 
and then returns to the aurlcla 
from whence il started. In this 
case Ibe heart occupies the op- 
posite condition from what It 
does In tbe Hollnaks; It It 
branchial, or gill. IntheUol- 
luska It circulates Ibroufch the 
body first, then ibrouffh tbe 
CirailaiionqfaOarp. organs of respiration; bat In 
fishes it passes tbronih the organs of respbailon 
first, then throiwh the body. Bnt in both casea 
tbere is but aslngle cavity for tbe reception, and ■ 
aingle one for the dlscbarxe of the blood. 

Fun LVJ. The two cavities of the heart 

of a Fish are shown in Plata 



LVt. tbe heart of 



FUTlI 



i 



a Trout, and In 

Plate LTII, the 

exterior of tbe 

heart Of a 

Pike. Tbe heart 

of a Repute, (Fl. 

LVIIll is I 
ilurt g/IVmil. complei; there Harlef Omr. 
are two cavities atiove ( auricles), one recelvins tbe 
blood from tbe veina of the nenerai clrcalatloD, 
and the other receivlnx it fivm the oritana of respi- 
ration. Thus yon have in one anricle the venous 
blood; and in the other arterial, the blood from 
the organs of reapIratloD. From both of these eavl- 
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langs by another. Tbere 
therefon a eonatant 
mixtmra of Mood wMek 
bai been txpoiad to ibe 
orgam Of rMplnttoD, 
witlithM wbleh hnnot 
ben, a coadlUom •oma- 
what iDftTlor to that of 
the FItb, whsTB all tbe 
blood goM thtoaftb ^«Mr 

Poaslnc Mill hldfter.wB oo«e lo the torm at cir- 
TLtn LTX. calallon wblch eziaU Id 

the TBTiD blooded 
mall, Tti , Mammals and 
BIrdi. where the bean 
codbIsIs of fonr eafttiei. 
and all Che blood paiae* 
tbronjib the Innfcs. Tbe 
aarlele on the right side 
receEres the blood from 
the Kooeral lystera and 
forces It (nto Che veotrl- 
elei fh>iii tbl« the blood 
panes Into as artery 
wbleh carries all the 
blood to tbe or^ai 

After the blood hai paiMd throoxh the oTKani 

of reaplrailoQ in tba warm-bloodod aaimals, it 

pawes throofih several Teioi to the anrlcle, on Hit 

left Bids ; theoce to the venlricta on the same side; 

and from that to Ihs general circuUtlon, This 

will be bet(«r nndeistood by reference to Plate 

ZLTIII B, where the drcalatlon of the blood 

pastes throDgb a doable larle* of ventricles and 

aorldeti which represents the circulatlan of • 

PiiiB LX. warm-blooded anlmal,the 

two tldea of the heart 

having been Hparaied, 

having between them (tie 

drcnlatlons of the Inngs 

above, and of the system 

Tbe inlemal stmctnre 

of tbe bean In man la 

shown in Plate LZ, rep- 

Aitiim ef HtBnoH IDiri, resenling a section of tbe 

bDman heart The anrlcle on the right side re- 



ceive* tbe venona blood and tbe anrlcle on the 
left side TcceiveB tbe blood from the lungs; the' 
venlrlcles below receive blood fi'om tbeic res- 
pective auricles. 

PiBleLXI represents the mas calar stmctnreof 
tbe heart, which may be regarded as a series of 
mnscolar ttags or sacs, each cavity being provided 
with Its own «et of mnscnlar fibres, so arranged •■ 
Puts LXI 



to have a spiral direction both from tbe point to- 
wards ibe base and from side i« side. 

Nov to regalate the direction of tbe blood, we 
have added to the anricles a series of membranon* 
Tttlves, (Plate LXIIl each retained In Its proper 
PuTi LXri. piece, by the tendons passing 
i>om Its free edge to tbe walls 
of Ibe heart Between tbe anrl- 
k de and the ventricle, on the 
right side, there are three of 
these valves, and on tbe left side 
tbere are bnt two. 
||w If this provision did not ex- 
W 1st to prevent tbe blood troia 
regnrgitating, It would be con- 
Tana iD' rnurirfM tinnally Bowlog back at every 
contraction of the ventricle. 

tun LXin. At the base of the great artery 
which Is distrlbnted to the 
Inngs, and the one which goes 
to the general circulation, tbeM 
exist three other valves of a 
more regular fbrm, each fom- 
lug one third of a circle, af 
shown in Plate LZIIL TbM« 
allow the transit of the blood 
Into the vessel, bat prevent lla 
passage bac^ lo the heart 
have said something aboot the 
forces which clrcnlSile the blood, bnt as the bonr If 
so nearly elapsed, I shall defer tbat for the com- 
of the next lecture. 
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LECTURE VII. 



Ib file laat lectme I dewribed the orims ij 
whieli the blood is oanried Ibroagh the dUferent 
yarti of the body. In the mnscalar sfstem of the 
iimplest form, of which we bare an iUvstratloB in 
the insects, there existed simply a pnlsating or- 
ican or vessel extending alonir the length oi the 
back, and another along the nnder side, and through 
the walk of these the blood passes, by transnda- 
tlon, and is distributed throngh the diiferent sys* 
terns. In the class abore this, the MoUasks, the 
organs become quite perfect ; there being a heart 
provided with two cayities,an auricle and a Tentri- 
de, the blood iwssing from the auricle to the ven- 
tricle, firom thence through the body by arteries, 
and then by the veins through the lungs. In Fishes 
the same arrangements exist, with this diiference, 
that the heart circulatef the blood,fir8t through the 
gfllfl or organs of respiration, and subsequently, 
through the general circulation. 

Among the Reptiles we have an advance in the 
structure of the heart, and instead of being com- 
posed of two cavities, as in the MoUuslu, it con- 
sists of three. Instead of a single cavity for the 
reception of the blood there are two, via. a right 
and left auricle, and below, there is a single cavity 
or ventricle in connection with them, the blood 
from the organs of respiration being received in 
one auricle, and in the other, the blood from the 
general circulation ; thus their respective contents 
passing to one common ventricle are there mixed 
together. 

From that ventricle there issue two arteries, one 
19 the lungs and one to the general circulation, so 
that you have the two kinds of blood circulated 
through the body. 

This is necessarily aVi imperfect circulation. But 
there exists an approximation in iteptiles to that 
which exists in the higher order of animals. 
* Ite the higher species, the blood coming f^om 
tHe cavities on the two sides is kept in part distinct, 
and in the Crocodiles there is a separation be- 
tween the two ventricles, though there is a slight 
eommunication at the bases of the gi^eat arteries ; 
•o that the circulation is nearly complete, but nev- 
er acquiring that completeness which it does, in 
the Mammals and Birds, where all the blood has 
to pass through the right side of the heart and the 
Itings before it can come to the left. 

Having spoken of the organs through which the 
blood flows, there remain yet for consideration 
the forces by which the blood is driven through 
the vascular system, as well as the phenomena of 
circulation itself. 

First, with regard to the forces. 

As to the cause of the circulation of fluids 
through the lacteal8,as shown in the previous lec- 



iweythMwisaodiffleBltj: fortefhemyovhsfeft 
power of tmhibitiM smfieientto carry alltheefayl« 
thnwgh the laeteata hUo the tenone system. 

With veflBid to the main force by which the blood 
Iseairiedtbroagh the vtaseular system, it is very 
elearlfaat it eOMea from the heart 

Bat to flsief mtie ^ the forces Is bo easy mat- 
'ter, and tirfe delerminalloa has been an object of 
speculation among Phyiiiotogists for a long time, 
and still continues to be. 

The only way to eanplate clearly what Is kaown, 
is to eoasider, flra the heart, then, thft veseels, and 
their respeetive nses la, and InflueMSi upon the 
iVinction of circulation. 

In order to detemin^ the forcM witii which the 
heart acta» a variety of experiniencs have been 
made, and seareely aay nuorcr mMafuctowy than 
those of Bales. I vefer to hie e3n>eriments where 
he ^ed a tube on the top of a grape viae^to deter- 
mine the ascending force of the sap,, andf found, as 
indicated by the column which it weuldt smstain, ' 
that.itwas greater than the weighs of the. atmo- 
sphere. In experimenting upoa animal, for the 
purpose 9( determining the pressum oC the heart 
on the blood in the arteries, he introduced into an 
artery a tube* and measured the di^tauct^ to which 
the blood rose in the tube. The column thus sus- 
tained would be the exact measure of the force 
with which the blood was propelled through the 
vessels. 

Of course no experiment of the kind can be per- 
fbrmed upon the arteries of the human body. With 
regard to the force of the human heart, there could 
be nothing more than an estimate made, and thai 
rather a rude one. But Hales, after comparing the 
heart in man with that of different animals, 
and the columns which they would sustain, was 
led to this result : 

That the pressure the heart exercised would be 
about equal to fbur pounds and six ounces. 

It was objected to this, that the tube would cause 
the blood to coagulate very soon, so as to prevent 
its easy flow, and thus interfere with the level 
which it atUined being an exact Index. 

A French physiologist, Poisenille, has used an 
instrument of a different fbrm—aa inverted syphon, 
instead of a tube— one end of which was drawn 
to a point, and was arranged so that it could be 
readily inserted into an artery, which was secured 
around it by a thread. In this tube was a column 
of mercury, and between the mercury and the 
blood, an alkaline solution, for the purpose of re- 
tarding the coagulation* and thus preventing, as 
fkr as possible, aay inaeenraey which might arlsa 
flrom that source. 

It was fbund br the experiments of this Physio* 
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ItgbtitfHA Hm iMtaiiM eotmaa of M«od te » 

tuul done, was eqaal to fosr pomids aad tiivM 
iNncw. tlivs, fottowinff a diflfbrait m«tbod,«iid 
by aa taABpcBdesI nrlw of expwiaMstik lie avrir- 
nd at nearly tbe same ree«lts» 

Tlte<faetltoB«rfies,tPlMther the flbrce of Jbw 
poands ttm mmeee Is eaffldent to propel tlie 
blood OTor sll parls of the body. 

Toft b«vo the blood eimlatiDt thfovgh the Tes* 
eele of oreiy Tariety of ehn, ftom thooe ivUeh 
bavoadiaiMlerof a Utile more thaa an hidH to 
Uioae nor exeeedtaff ft 84000 of Ml loeb. 

It hn alwayt been oontendod by thoaew^ have 
ttOftMedthtepetat, that the MctiM whieh wonld 
be canted by the traaslt of the blood, wonldisowi- 
torael all the fbtee of the heart. 

To ihow that thli ophiton doesnot Mit^wiatnii 
baele, the esperinenti wfaieh haire been peribrmed 
In the bodies of aalttals recently killed, as inH as 
to the hnmaa bodr<n» snaeieat to show tfaata Tery 
email ftnoe to saAdent to cany the blood throng 
the whole Tescnlar systenK 

D. Sbarpey forced fluid throngh the Tcssels of 
an animal by asin^ a syrlnjire under a pressure 
«iiaal to that of thehcflrl, which caused the blood 
to pass throuRh a&the Tceeels, Ae rehis inchided. 
This experiment has been made, not only witb 
water, but with blood ftom an animal just killed. 

A force e^aal to four pounds and tiiree ounces, 
Is therefore suAcient to force the blood throuich 
the arteries and cause it to laiaiip through the 
veins to theoppositoBideof the heart 

It is a OMtter of seme i&tsiaet to delcnnhwiim 
time MvnhBed for chreaUtftair ttio blood throairh the 
wholeayslem. The oedloary mode of caloulufaiff 
this, thoutfh aot to benlMnponaaa«carato,is 
as follows: Firsttto ascertaia the foil amoani of 
blood in the body {second, tbeoapaollyorthelaft 
Tcntricle of the hearts and lastly^ the nnbiber of 
pnlsatfains or diadiaiiges of blood per mtamte.— • 
With mcafd tothewheteanoaatofbtoodinthe 
bo4y, this can only be an impeffoet asHmato, be* 
cause it to impossible to cottectotf the blood, so 
that yon can make an exact maasaremenl 

But stUl an iHI>proalmation to the tratfc donbl* 
ieai extotsibr to hMtanceo whorepeiions have beea 
saillotined, where the blood was toslantly poured 
oat, as maay as twaaty-liva poaads of Uood have 
been ooUected,ao that tfito wlUeeitafailyaot be too 
low an estimato for the amount of blood la aetaal 
"oircalation { and ev maUax pioper aUowanea for 
that which would be left behind, it to estimated 
that the whole amoairt would aot be tar ftom thto* 
ty pounds^ or, to «iTe it hi the precise mnabers, 
twen^-ei«ht poaads, for a petsoa of avaraips siae, 
as stated by se?eral Fhysiotoctots. 

If thto be the amoaat ehwalatiBic hi tte bod^, 
we hare next to ascertain what qnaatl^ of Mood 
U sent out at aadipuliatloa of the heart Ibrlf 
thto to ascertahied, we eaa readUty detenafaio how 
lon/( it would take for the whole amoaatof btood 
in the body to pass throagh the heart 



neWlvantHala of theheart I|i aUtaMrtod to 
hold two oaaces of bh)od. But it te not preetoolf 
certain that the whole quantity coatatved Is 
discharged at each contractloa. But on tho ntp^ 
posftties that the whole^uantity is discharged at 
each cotttracttoa, and with 75 palsatloiis in a miB« 
ato,whichtotheaverBgeaamber,we should hafO 
thethaefor the passage of the 28 pocads through 
the heart e^nal to three minutes. 

There is, however, a foUacy hi Ato ttatemenik 
as a simpto iaspectioa of the diagram will shorn 
The estimate just made, goes on the supposition 
that none of the blood passes through the heait a 
secoad time till the whole of tbe blood has oom^ 
Pleted the drealt Bat If yoa took at thto 4iiagriink 
<Blate LEC) yoa perceire that a certain quantity 
ef btood will passthroagh the vessel which car- 
ries it through theliver, and hero another pardon Of 
btood will pass thioagfa a vemel fhrther fh>m tha 
heart, which carries it through the kidney, and 
here, still lower down, another portion wlH pass 
tiiroaii^tiie mere tttaat parts of the body— fho 
tower extremities. 

Now it to perfocUy dear, thata part of the btoai 
will pass through the shorter ctocnlatlon of tha 
liver, liefore another portion passes through the 
lower parts of the bo^, or the extremities of the 
toes. The blood, for example, ^^Ich nourishes 
the heart, will pass -through to the veins before 
that which passes through the head or the tips cf 
the fingers, or the more more dtotant parts of tha 
toes. 6o toat such an estimato to worth veir lit- 
tle, thooi^ it to mu(ft relied upon in determining 
the time for the transit of the blood through tha 
body. Among the more obvious phenomena at- 
tiibntable to tha action of the iMmt, to the pk^nt, 
caaaed by the impulse of the blood sent from the 
ventricie at each contracHon. That the pulse de^ 
pends entirely upon the heart to obvious, from the 
simple experiment of applytag pressare upon a 
vessel, which, in proportion to ito strength, will 
Impede or cat off all pulsatton beyond tho point 
upon which it to made. £ven after death, a sim- 
pto impalse given tnm tha syfinge when It to 
plaaed in the artery, wiU cause all the seasatfon to 
the flnger of the pulse. The connection of the ar* 
tafyof a dead animal with that of a living one^ 
as in the experiment of Bichat, will cause the 
pulse in the dead body at distinctly as (n the liv- 
ing one. 

Before inquiring Into the agency of the arteriei 
in forcing tiie blood, a fow words must be said 
iHtii regard to tiieir structure. Xlie arteries beteg 
aader much stronger pressure than the veins, are 
made madi arore powerftil, in order to resist the 
action of titat portion of the heart with which 
they are connected. That portion of the heart 
wftich drealates the btood through the hmi^s alone, 
to quito tUa and feeble, compared with tfiat whiOh 
drealatee throagh the whole system-*lh<«a bdng 
aa exhet proportioa between the labor done, aaA 
the means by whidi it is accomplished* 

The arteries are made ap of the foltowtag parte* 
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'nenl»(»r«Ttr7iftaiT. ezlcnnUr, • ntMltiit 
■oU. which Is made np of flbrt* IntwUced «llh 
Oae mnolb^r, so as to form n dmwqA, and idT* i( 
n*iMaacs, tbeflbrcB tlMmMlveB baloR Bbwtataij 
tnelutic. TtKT ar« amnaed, howsTer, Id BetlM*, 
M ttaM bj chuighix tbe form of the mwbei. Ib« 
dUmelu of tha vesHL auir ba lairMMd or dknia- 
bbsd. Than la s aecond IBDie, er coat, which li 
tbetbickettof all, andiimada spof ibres wbiob 
■n elaatlc, iimllar to Ibe claitlc KgaacDU net 
with In the Tutebntl Miami. Th«a« occopy the 
waoe iaii wkbin tha oaiar coat. Theia ia HlU 
another tanlc, irhtcb ha« bees discovered more 
receBtljr.tbonxh SMpecied br Huster, made ap of 
BDScnlar ftbraa of organle life, Blmllarto thOM in 
tbe iDteitiaai eaoal. And within thii, h iha dali- 
oue membrane whloh ttnet the cavlt; of Uw uta- 
rj. a traa aeroni membrane, asd almtlar lo [be 
membrane which llnei all the clow eavllie* of the 

With m«Md to the nae of tbese difKirent part*— 
Ike external o«st give* to tb« aner; It* reliance 
to the presBure from within. The elaatic coat 
icam* to Mire a very important end in ffualmnn 
the Sawof blood tbrangh the different flam of tbe 
bodr-' If the heart Impelled lu blood into tibei 
which were perfectly iaalsstic, like metallic tub**, 
then with e*ery Impulee of the beart. for every 
onnee which entered the tabe, a correBpondinff 
qoantity mint escape M tbe sppoeite end, and that, 
bj a Jerk correipondlox *lt>i tbe impniee bj 
which itentere. Ic woald be the same in a com- 
mon force pump, or Are engine, withont an alr- 
chamlMr to eQnallie It* tow. 

The beart acts only when it contract*; conie- 
^aeotly, dnrioft the laierTala between the contrac- 
tlona, unless some proTisloQ existed to connlaract 
lt,whl]e the heart dilated, the blood woaldceaie to 
moTB. To prerenl this sUKnalion in tbe blood- 
enrrent oader these circnmatancea, is predaely 
the object of the elastic tunic. Wben tbe ventri- 
cle cottiracts and fDrcsa its two ounces of blood 
- into the artery, the elastic tnnic yields under tbe 
Increased preasnre and Is dilated; but when Uie 
fressare of tbe ventricle ceases, then the elasticity 
come* into play, conUnnea to act npon the Mood 
nntil the ventricle again contracts, to fbrce la a 
aew qaantlty. 

If an artery be examined in tbe web of a fhig's 
foot. It does not appear tbatlt contracts tsd di- 
lates except as it is acMd npon by the Uood (breed 
lalo It ttom tbe heart. In all the larger arteries 
there Is a sliffbt dllatatlon^nd then at the intervals 
of contraction the elastic tissne acts npon the 
blood. The arterlee, however, are feand to vaiy 
in alie, fitim time to tinie,iind this deviation being 
in exact acconlanca with Ibe demand for blood in 
tbe parta to which they are diatribnted. If tbt 
fanction of an organ be active, the ariarlea have a 
differsnt size from what they have when it is at 
Mat. More blood ctrcalalaa throngh a glaaid irtitn 
the process «1 lecretloa is TAjAi, or HuoDgh a 



mnJAl* wken aalt*«ly finileyed, artbracgt ttir 
taain when exdted, than when tlte nvena* on4i' 
tfoaexMa. 

TvvuIoM the sin of a vessel ia accordane* 
wfth the aMonnI of Ihiid »enl t« the dISerent part*, 
appears to be the fonction of the unscniar coat; 
with thie pmvisieD, the arteilai ayatem beotfawa 
thesMoe as ibepipeawhl^dlstiibnle water las 
large cltr wonld be, i( they had tbe power of 
adaptlBx tbeir else to the varying deamd npon 
then In diflferent <)iiarterB. 

lDpa*atog towards the terminatloB of theartt' 
rles we find ihem dimlnlshiaginsiie, andflnallr 
(emlnatiDg in a serlee of vessels which an be- 
tween tbam and the vein*. Vessels of this dasa 
an edled eapHlarfes. If an ulary (as In Plata 
LZIT) be axamlned, it will be fonnd to consist oi 
tniaks whkh gradmlly dimiaish In siae, bat after 
a oertain time tbay form a net-werk, where all ikv 
MSial* are of nearly the eame calibre thronghoati 
atihown In Plate LXT.a maRniOed view of tha 
Fun I.XIT. run JLXV. 



same. Wherever anything likenntrillon or sBer«>' 
tjon or any *ltd process l> going on, there tbesa 
resaels are fonnd to exist In great nnmbere, tha 
amailsst of them not exceeding the 3-1000 of an 
incb la diameter, varying bewerer. In number 
and in.tbe siie of tbe meshea wbich they firm, ae- 
cordlBg to tbe Balnre of the tisane la which they 
ezlat. 

Tha walls of this elaea of vessels are to tbin, that 
Ibey are barely perceptible with the aid of tbe best 
mlcmcope. Nothing like mnscnlar Sbre can bo 
seen in them, altbongh Its CKlaience may be in- 
ferred fWim the ftet that they bava the power sf 
clianglag their siae. Tbe blood, as seen nnder tbe 
microscope, passes through them In a coolinnons 
and nnlnterropted stream, ir, however, the ves- 
sels be irritated by niocbanlcal means, they may 
be seen then to change tbeir diameter, and a simi- 
lar (Aange is noticed In certain morbid condillona, 
aaln inSammaUoD. Then the veseelBvaryfWim 
their nsoal alia; but in the orifinarv transmission 
of blood through them, Ib^ nndergo no ebangft 
They do not conlrHetas the heart does. Bet 
they are endowed wttk tbe same power which the 
arteries bare.of regutulng their diameter in aceoi^ 
<tance with the demand for nntrltive fluid indiffbr- 
•nt parts of tbe body. They are regK&iiors,tben.of 
tha Sow, bitt not propelleis, of Ibe nntritlve flnld. 
With regard lo the oironlallon throngh the veins, 
very little needbtfald, fbr ne one csa raise any 
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^owUmi with reffuNLto tMir Mac almoslpMiiTl 
In tlie circnlatioa of th^ blood. Xli«yar« T«fy 
delicate. Tliey are under yery sllgfat pMStare.— 
Tbey have a capacity of twice that of the arteries, 
so that the blood passes mach mor^ sloWly thronfth 
them. By whatever force the blood is propelled 
through the veins, it is not an intr^ic one, and 
there ia little reaiom to doubt that it is derived al- 
most solely ftom theJieart itself. 

The next subject which presents itself Ibr our 
eoasideration is the fluid which circulates through 
Ihe vaseolar ayatem. I haw already spoken of the 
chyle which passes through the LacteaU* which at 
the time it reaches these vessels is almost tnuiap»* 
vent, and is found to be of the sama composition 
as ^bumen, or the-white of an 99^. But as it 
passes through the lacteal aystemt it begins to as- 
sume the peeuUaritiea of blood itself, eapeeiaUy as 
to passes through these gadglia seen in Plate 
XLVIII, when^f aUowad to stand, it is found to 
coagul a te apontaneouslyt and if examined under tbo 
aiciosc(^[>e, it is found to contain slightly giaau- 
lated corpnseles. These seem to be made up of 
an external sac, or envelope,fiUed with smaU gran* 
ules, which project from the surface and give it a 
mulberry shape. Thia change which takes place 
la the Lacteais I will especially call attention to, 
because it is one of the important changes which 
food undergoes in the course of the formation of 
the blood. When the fluid enters the Laoteals, it 
has nearly all the properties of Albumen \ but as 
it passes on, besides having corpuscles developed in 
is, it haa the power oi coagulating spontaneously. 

Nutritive fluid, in a stata of conpleta elabom* 
tion, exists in the blood ; of the general composi- 
tion of which I would next speak. If blood be 
dntWn from the Vertebratcd animals, and even 
from some of the Invertebrated animals, and al- 
lowed to stand, for a sufficient length of time, it 
coagulates spontaneously, «nd eventually sepa- 
rates into two portions, viz : the ooagolnm, called 
the erasscanentum^ and the fluid in which it floats, 
the Merum. If you examine the coagulated portton, 
it will be found to consiat of a substance called 
fibrine, and of a series of minute bodies which give 
color to the blood, and which have nsnally been 
called, thoagh incorrectly, bicod globuUs^ but which 
are, in reality, flattened bodiesjike a piece of mcsiey, 
and are more properly called " blood diecs.^ Now, if 
yon examine the fluid portion, and subject it to 
the action of heat—boil it for a short time— it will 
soon become turbid with flocculi, which^form a 
coagulated mass, sinking to the bottom. This is 
albumen, and has the same properties as albumen 
which is found in the egf; ; which, when exposed 
to a temperature of about 160 degrees, eoagnlates. 

In addition to these, there exist certain other 
substances, such as fatty matters; also soda, po^ 
ash, lime and magnesia, mineral IngredienU held 
in solution. According to the best analyses which 
have been made, the composition of the blood is 
as follows : 1000 parts consist of 



Water. TilM 

Bed eorpnsoles, or blood-disos 181 00 

AlbomeD v.. 70 00 

.Inorgaaio matters— soda, potash, lime, mag« 

nesia 'o^ 608 

Patty subfftaiMes - 677 

Fibrine 2.20 

100000 

In studying the nature of these different ingre- 
dients, in relation to the processes of nutrition, al- 
bumen seems to be the most important of all. For 
it is A-om this that everything In the body can be 
produced. 

Leaving the blood for a moment, suppose yon 
proceed to an analysis of the different tissues of 
the body. The organs may be separated into tis- 
sues, and the tissues may be separated into organ- 
ic elements, which are the most simple forme in 
which organic matter exists in living bodies. In 
studying these organic elements, there are found 
to be three groups : one of them is entirely desti' 
tute qf Nitrogen^ and contains all those substances 
which are made up of oil— the fatty matters of the 
body. There is another, called the Gelatinous 
group, which is made ap of Gelatine, which is ob- 
tainable principally from the bone, from the ten- 
dons, from the cartilages and from the ligaments— 
from a class of tissues which are of a low degree 
of organization— which are not active, but merely 
passive in the body. The third group is denom- 
inated the Albumiiunta group, into which albumen 
enters largely ; and these are the active organs of 
the body, especially the brain and the muscular 
system ; though the latter consists principally of 
Fibrine ; yet this is to be regarded chemically as 
another form of albumen. Ton have, then, in the 
general system the tissues resolvable into these 
three classes of substances, and all of them deriva- 
ble Arom the blood, excepting one, and that Is gel- 
athae. No chemist has ever yet obtained gelatine 
ttQux the circulating fluid. It is so^iething which 
is formed from that fluid, after it leaves the circu- 
lating vessels. 

It is a matter of some practical importance in 
detennining this fact, that a certain class of tissues 
are formed from this, for it seems to explain the 
observation of Magendie, that gelatine itself is 
incapable of nourishing the body. Several years 
since it was attempted to feed the poor of Paris on 
aoups, soups of which gelatine was the principal 
ingfcdient. It was found after a time, that tbey 
became disgusted with it and would not even come 
for it Tl^e French Academy had a committee ap- 
pointed to investigate into the subject. Magendie 
performed various experiments on different ani- 
mals, and it was found that unless provided with 
some other article of diet than gelatine, tbey died 
after a few weeks, of starvation. It would seem 
highly probable that gelatine nourishes only the 
gelatinous tissues, such as bone, ligament, ten- 
don, &c., but cannot nourish the organs of active 
life— cannot nourish the brain, or the muscular 
system. So that diet must consist of something 
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•Ite Imf dM it«ltttn«, ta order lo cany on tteffliC 
procMM*. 

Bat kll tbe oiber pMD exlit ilrudr ta the blood, 
and ihey ara formed fi«ai the ^boBMi. Bat It 1* 
Dot necuBUT lo m to the tlHoei kod detenafiM 
thli bf ehemlCBl utelyiti. Hktora proTei tbli al- 
most d&Hr nniiet the ejm ot bIL Ton h&Te an 
.efiiC. madenpof thejolk, tn tbe ceotre, coniiitlnic 
of iu jellov, 0II7 flald, flnatlDfc In albameo; 
•roQad Ibat. tbe albamen pare, fonntDg the whiU. 
Ton lubject that to tbe beat of 1D0° for three 
weeki. toMeftdof albumen, joa Had, at the end 
of tbli time, bonea, cartllBgei, mascles, &c. Tet 
no new materials have been added. The e([g con- 
tains a itore of slbamen, which Is asad op irrad- 
aallf In tbe rormation of the tiioaei, wit.boat l>«' 
log repl&ced. In the adalt body, the albumen, 
wlEb which there li a mlxtare of oil, Is conitantly 
formed onl of the food lahen Into tbe body, is 
converted Into blood, and itradnall; metamor- 
phosed Into tbe different tissues. 

I have said nothing tbns Ar* of another Inxre- 
dient In tbe blood of the ablmal, tU: tbe bloai 
dUcti and to tbeae I shatl only make general re- 
ference ; tor their precise nse In the body bas not 
yet beendeterialaed. la tbe blood of aUlbeYar- 
tebraud animals, and of many, if not all of the In- 
Tenebrated. there are seen particles floallnK in It, 
varying, bowever, much in sUe In tbe diCTarent 
races. In tbe bnman body they consist not of 
blood globnles, ai they hare osnally bean calledL 
bat of blood diax. They were originally described 
■* globnie*, bec*nse they were ezamiaed In waier. 
The blood was dllnied with water, and the addi- 
tion of water eonTerti the blood disa^ Into spberai, 
It being imbibed by the membrane which forms 
tbe wall of tbe disc. 



tmnU ta the web of ■ fn>g^ fbot, (PIMa LXTU) 

Tuti LXTU. or ta tbe wtBg of a Bat. 

In stadylDg tbetr derel- 

opmaat, the later n- 

•earclw* of tbe mien* 

•oopliu teetn to daBO»- 

. MWO thw they are 4a- 

^Ttfapad ftom the iftob- 

/alea which an ■ — •- 
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The blood dlaea of the 
I haman liody bare a 

3f the 3000th pvt 

of an loch. In all tbe 

^^ nammiferons animala, 

<^ V the blood diae* hava the 

^^^^k ^^ tatne clrcolar f<Hta, 

^^HH ^k thongh iheyrary in their 

^^^^H ^ diameter. There ia an 

^^r excepiion to this in the 

Cameland Lama of Fern, 

_ j^^k where Ihelr form Is oral, 

A^P as It is in BlTds, Beptflea, 

W^m ^^IL ""'^ '^°*^ Flahee. Tbe 

^^rf tsrgest discs. whl<A ara 

known to exist, are those 

of the Beptlles, and eape- 

dally of the Protens (Plate LXVI), which have tbe 

diameter of 40ath of an Inch. 

With regard to their uses, I hare already stated 
that little Is known. This f^t has been deter- 
mined with regard to tbem-^that they have noth- 
ing to do directly with the process of nnirillon.— 
They nerer leave the blood yesiels, ai maybe' 
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' IntbeohylawbUaMlIlM 

rnurk ■■ »■(>> fM. die Itlflttali, WhMl fklb- 

idai are ultlmaKly cbmged Into dlsea. 

We haTs one etep fttrtfaer to go ta the proeeM 
•f ■nnMon— «ot to attempt to deMrlbe tbe mas- 
ner tn wUoh nntHDon Is performed, bnt only to 
palat «nl Ae ooaraa which tte BaMUye parttalM 
take ia replacing Ihoea which have fnlfllled their 
fhnettoB* and hava been can eft* Th« nacalv 
■7sl«mi*>deaed*yatBBRof tcimIi. Tbetaarenei 
iMiuht— fw op«i orlicea whatever. We bava 
Men already at tt« eorameiieement, that the SaM 
Is wK taken Hp from tbe iDleaUnebr open tDoniht, 
ae WM formerly snppoaed, bat la absorbed by lm> 
MMtlon through the tlssaes. In passing to the 
other extreme of tbe blood veasels— to the capll- 
tatT lyttam — we have no open months, tbrongb 
wMEh the blood h poured out, bnt yet It does es* 
oape, and tliat by a inticesa elmflar to the one by 
which It entered, by pairing Arongh tbe walla of 
thevenel. 

In looking at Plate LXIY. we see that there arv 
tatanpoees between the eaptUartet, leaving Ifttia 
istandt earroBBded by blood vesaels; and wber> 



vaaetlt can be deleeted. The blood vessels fbrm, 
In all cases, a net-work between the dlArent 
flbrea, bnt never eater them. The process of nn- 
tritlon Ui efHsetcd l)y the tranndatlon of the Sold 
pardon of ^e blood throngh the wails of tbe 
vaitel, and which Datrechet has denominated 
" Exomutii," orihe "oalJIaiDaige'imHi.'' The se- 
mm of the blood, or that portion which contalDf 
Ae natritlTB matter, as albamen. Hbrlne.&e,. pass- 
es throagfa, forming mnsenlar fibre in one part of 
the body, nervons flbre in another, bonea, or wbat- 
•ver the particniar tissne may be, In another. Bnt 
can we go fluther than this, and determine Aea 
the Mines are nonrished— bow tbe flaid Is con- 
verted Into flbrea of varlons kinds— how the reno- 
vation of a given tttsne In the body Is efheted s— 
We know perfectly well how the tlssaes were 
(brmed originatly In tbe egg; and that la. by first 
fttmlng tbe nneleated cell, and its gradnal trans- 
fbrmatlon Into olbw cells, and these, hi tnm, into 
the varlons tissnea ot tbe body. Bnt afler the 
tletfle* are all formed, the proceti of dlslntegra' 
tloBit ffolngon conttanally, and tbe process of 
renovation as constantly. All that Is known, how- 
ever, li, that the blood passes throngh the walls 
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ttdtiONni taanoM i. fey loaia h o» m i <Wak 
bu. u yet, eicap«d detecUoB, Into th» dtfnmit 
yuti of tb* body. 

Than li ■(> erldenca IhM Iha Mtl-prMeu UkM 
p1u« In tli« rwoTatlaii of tbe ttunW; or OM tha 
Mprodnetlon of ctita li la any w^ maoMHUy IB 
nftlauiainB Ott iBiejrrity of • itir«n tiaiiM. 

HkTinit spoken of the natrillve flaid, of iU for- 
mation, of lu dittritintton ibrooRh tbe body, and 
of the manner, ai fu aa U knovn. In whlcb It li Im- 
puted to tba different tiiBoet, we b>Te next to 
■peak of anothtfr clasj of tonctione — Uioie whlcb 
are rabserrlenl to tbe eeparatlott flroca that fluid 
of the dlObrent anbauncMwbiehare n» loBjicr 
niefal to the tuilmal economy. Tbe most trnpor- 
tant of tbeaa procosBCi i« tbat of rMplMitea, to 
wbkh I wlU next call you aUenlion. 

Kespirstlon la aolmali may be defined to be that 
proceai, by wbicb an InCarcb&nge of eletoenta li 
eSbcted, iMtweentfae bl«odon tbeoneband.and' 
tbt aimoiphere on the other ; tbe blood slvhifc to 
tbe acmoiphere carbonic add, and water in the 
Ibrm of tapor, and recclTlnR tnta tbe atmospbere 
a pttTtlon of iu oxygen. A proeeae not nKkc 
di(« t«h«« place even In planM. The organs by 
which thle proceM li effected, like aR other »y>- 
Mins of organa, will vary In different animals, ao- 
eordlng u the rarlaUoDf la their condltloni of ex- 
fitence. Tbe ilmple expoanre of the inrface of a 
Jelly-fieh or polyp to the action of the flnld aronnd 
It, la infflBJent to carry on all tbe cbangea whlcb 
lake place In lie tlmple kind at rsaplratlon. Bat 
ai yon atceod In tbe aerlee, lottead of thU being 
oarried on by tbe wbole aarfaoa, tbei6 are certain 
parti *et apart for the etpedal pnrpoee of reepira- 
tlon. 

Iif cliMUying tbe organe of respiration pbyslo- 
logically ,we may place them In two primary gronpe, 
Hwt* In whlcb leeptialioB takes plaea In Ike air, 
Mkd thon wbera It UMt place la the nder, «»■ 
■Tlig bi tke tvw groapg, however, aeaordlMi •• 
there is one or another portion of the series exaM>> 
Ud. VehaTeam lUaeUralton of lbi»hi tfisfHB- 
gti (Plat» LXVm) on tbe bMk of DorU, ^ in tba 
Fun LXVni. run LXIXl 



IHrii. 
worm-like aiilaial (FUle 
UCIX) wbicb lababits 
B calcareoDi tnbc, and 
tbionxb these tbe clrcn- 
latlng Qald Is exposed to 
the air. In the Glanena, 
(Flat* LZXl, an oceanic 
UoUtuk— tb« (Hnge* 






■am not only m «gaaa ottufSntkn, bnttwcMne 
IiXX. alio tbe fHoges by wbleh It 
iwima. Id regard (o the water 
breathing animals, tbe respira- 
tory organs coneist of a series of 
fringes, or plates formed Hvn 
the general anrface of the body 
and projecting /ram It, tbongb 
sometimes more arhus protec- 
ted. Is these two Instances, In 
tbe Csltio-llsb (FIMe LIT) 
or In tbe Crab,(Plate ULXI) tbe 
Mgaas have tba tame general struotare, but are 
Fun LXXL lodged in earitle*, by 
wbieb they are mere or 
less protseled. la FlriMa, 
tbe whirie apparacaa be- 
eomee sotoawhat more 
complex, where there 
exltU a leries of arches 
attached totke head, each 
arch proildea with a ratt number of thin elonga- 
ted plates, which collectlTely form a fringe : each 
arch la proTlded wlih an artery, wbicb contains the 
blood carried (Vom the jteneral elrcnlatlon.and char- 
ged with an excess of carbonic acid. It senda off 
branches which tennloate in a capillary net-work, 
on the little Qbres of which the Kills are made np ; 
eircnlatlng across tbeta, the blood become* ex- 
posed to the action of the alr'j and then, pasalDg i 
into another resaet, the doraal artery, It is dislrlb- 
nted aronnd tba body. 

Amons tbe members of tbe claai of Fiihea, we 
have one deviation from the nanal type represent- 
ed here (Plate LXXII), where tbe flah baa the ba- 
Fun X.XX11. Di( of leaving the water. 

^ Tbe animal, crawling on 

S^ theanrroceaomedistance 
from tbe water.laprovld- 
ed.lnadSlUontolbegtll, 
P with a cavity on tbe aids 
(j of tbe head, wbare there 

la a large respiratory enr- 
anUifJntiai. f,ce, and lerronnded by 

a ponch eapable of lodgtog a oert^n qsaatity of 
water— to that when it Is some dtatance from Its 
natnral element, It la still provided witB the neim- 
■ary medhim fbr respiration. 

In pasalng {torn water-breatblng to alr-breatMnft 
animals, tbe transition Is by no means sntfden ; tor 
there exists an intermediate race, whicb are pro- 
vided with both gills and Inoga. The ttna (Plata 
Fun Lxxm. LXXIID.theProtens.the 

Axoloil of Mexico, the 
Meoopoina, or "Hell- 
beitder," of the Western 
examples of 
of animals. — 
Tbey are all provided 
with Mnges on the aide 
oir tbe neck, wbleh ar« 
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In* xlUi i Blw> wm lnin.ltt« tbow of slr-brMtk- 
Idr TerubMtet, bat of m very lioipli Chanoter.— 
Froiv lAd wiwr Newti, •( one period of lifs, am 
wMer-brcuh[D|i[ animaki, bat aabaeqnentlj, become 
•lr-bre*iblDK. Sucb li ibe CMe In Ihe TrltoD, tbe 
iwo iMSM of wbicb ue npreMDled In PI«(m 
LXXIV and LXX7. 

Puii llil7. FLin LXIT. 



Amond tbB &lr-breatbiB|; animali the organi of 
raaplmloii preunt tbemselTes nader tiro different 
formi. One, the form of alr-tabd, wbich ezlit In 
Baar lover klnda, eapeclall* among loseeu, tad 
vtlldi circulate afr ibroDKh all perti of tbe bod;. 
It will be recollected tbat in ipesklng of the clrca- 
UUon of Intern, It waiipoken of ai being of »n 
oxceedinitlj Imperfect kind ; conaiitlDRof a palia- 
linjf Tenel, wblcb bad tbe power of ■ Imply (fiita- 
tloff tbe field, bat Dot of distrlbotlnK tbe blood 
(broDRb all parti of tbe body. And the rewoa 
wby tbe clrcDlaclnff apparatsi it not more coni' 
pleK la simply this, tbat it doea oot require a rea- 
plratorr circulation ; for \a losecu, and In animal* 



body, iut«ad of blood. 

'Ifyoa examine Ibe abdomen of an laaeet, yov 
will flod tbat It la made np of a aerlea of Jolnti, 
accoidlDx to tbe articulated character of thi* 
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auother,on tbe abdominal tide ; and between theae 
two aerlei of platei, In cTetr Joint of tbe body, 
tbere le an opening, which la Ibe reiplralory or- 
iSce. When Iheee reaplraioty openlnjta are ezam- 
flmi lxivi, ineij miemaliy, they an 
communicate 
wlthtnbes(PUleLXXVI) 
In which there are eplral 
Ihreada, precisely Ilka 

Ifii^i iraj Hill ^'_ii L i. "*"" met with In the 

ajr-tnbei of many planiL Theae tnbe* extend 
thtoa^h the moacalar syatem, are found In the 
head. In the antenna and the legs, eren to the toe*. 
Here, then, a epecUl roaplrator; citEBlation of tbo 
blood li not required i for thealria carried throogli 
OTerj part of Iba body. 

The other forms of reaplratory ordans, such ta 
are met with In the air-breathing Tertebraiea, will 
be described, together wltb the Fhyalolo^ of re- 
spiration. In the next Leclnre. 



LECTURE VIII. 



At tbe eloae of Ihe last lecture, 1 was speaking of 
tbe different fomu which the organs of respiration 
ainims In the different racea of animals. *It was 
oiaMd, that Ihe shn^eBtcondMonneceasuy for tbe 
pnicesa, waa a membrane with the animal llsanea 
on tbe one aide and the atmoipbere on Ibe other ; 
tfao tieenea, eltber la tbe form of cells, at In the 
■lm(>leat anim^, or in tbe form of blood Teasels, 
conelsUwiof arteries and veins ciicalating blood 
In the immediate neighborhood of Chia surface, 
giving off Ihe carbonlo add and the vapor of water 
and abtortiing oxygen. In water-breathing aal- 
mals this ^paratns con- 
siat« of frinfies. as Id Do- 
ris. (Plate LXVIII) Ser- 
pDla, (Plate LXIX) and 
Glaacns, (Plate LXX) of 
0111), as in the Crabs, 
(Plate LZXDand in Fish- 



have Ibe long In Its slmyleat oonOlllMi, In tha 
SmUI, eonaisUng itf a reaptratoiy saek,wlth a vessel 
tManehlDg on Its walls, and the air iti eonoeotioii 
wkblL 

Pi. LXXTUL As yon tMcmi atUI higher In Oa 
scale, all (he modiflcatlona of the 
respiratory apparatus are morecom> 
plex coudltiona of this prlraitive 
form. Amongst the Beptilu, the 
Froga present us with the almplett 
sirnctnre. Thelanggconslatof two 
begs, OD tbe walla of wjilch are celH 
baring bat very alight depth, and 
on tbe walla of theee cells, are dls- 
tribated the veesela by which tbe 
process of reeplratloD la carried on. 
(Plate LXXVm.) In the Serpent! 
there exlsta the same almctDre,ais 
only difference being tbat tbe long 
[^£90. la Tery much elongated to accom- 
te it to their peculiar form. One of the 
only Is develoyed, the other remaining In a 
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^ rearlj equal. In 

e Tortoise ibere 

is (9 anotber 

/ form of respire 

appsratas. 

where tbe ofkbh 

_, becomes still more 

of consisting ofa elDgle cst- 
Ily, the iaierior of the Inng 
is divided Into several cavi- 
ties, aJI of wbich communi- 
cate with each other. 

Ascending still higher, In the civs ofBlrds tbe 
■tmctore becomes still more complicated. 

run LXm. lM»e»dof conilBllngof 

large, opea sacs, as they 
* exist In Uie BepUlea.ln 

the Bird (be c«lli of the 
hiDKi do not exceed tbe 
iiie of a «aaU fraction of 
an inch, Iom than half of 
a line in dlatneier. 

There 1* title dlfftet^ce, 
however, between the 
Bird and the Keptlle, as 
regards the atrncture of 
their longi. In Birds the 
air not onlr paasee into, 
bat throngh the iDngs, 
Into large cavities, or air 
MCI, contained In the abdomen, and even into tbe 
bones. In Mammals ail the conditions of respira- 
tion are rendered stfil mors complete, by a contla- 
natlon into all parts of the 1nngs,of alrtnbes fbr the 
carryinff air backwards and torwardi, as well as 
by the more mlnnte enbdlvielon of (he air cell*. 

In Reptiles, the air passes to the surface of the 
Inngs, ibroofth the trachea, Into the first of the 
5ac«, then from one to the other. In Birds the 
tubes are more generally distribnted; bnt In Ham- 
nali the lit tnbea pass to eriry portion of the 
lon^. 

pLiit LXXXII. In this diagram of the 

human Inngs, a portion 
of tbe Inngi has been 
dissected so as to show 
the manner In which the 
blood Tesfels and air 
tabes are distribnted. 
1 However complex tbe 

1 Inng of Hammals may 

' appear.theyare not e«ien- 

jfumui i.iiiici. tially different tram the 

Inng of tbe lowest reptile. Ton have onif to exam- 
ine a single one of its cavities, to learn tba 
6 



lants 4/ a Bird. 



Fliib T . XXTt n. itmetnre of the whole. 
The elementary part of 

tbe long ii an air cell^ 

with an artery which 

\ traverses its sarface, and 

I forms aseries of capillary 

' Vessels which termlnalo 

in a vein, and by- wbicb 

the blood is carried back 

to the heart. The whole 

Blood Vaiila 0/ Air an lung of the human body 
Is nothing more than a repetition of these cells. 

Id studying the phenomena of which the respi- 
ratory apparatus is tbe seat In the living body, we 
may divide them into three groups: into those 
which are simply mechanical, for the irausler of 
air or the change of water, by which the process of 
respiration is effected ; a second, inc!nijlng those 
which are chemical, and a third those which are 
physiological. 

The mecbaaicoi processes, those which relate to 
the conveyance of air to the respiratory surfaces 
areeftecledfnagreat variety of ways. 

In the simplest animals tn which tbe respiratory 
organs exist, especially in tbe bivalve Molltiski, 
which are either lodged in the earth, or are at- 
tached to rocks, the change of water over their 
surfaces is effected by tbe vibratory cilia, which I 
have referred to as being also in some animals or- 
gans of locomotion. By keeping these cilia in mo- 
tion, a carrent is kept np and the water constantly 
changed. 

We can have evidence of this by placing a Mus- 
cle in a shallow vessel, with the edge near the stir- 
i^e of the water, very soon.'the shell will be 
seen to open a short distance, and the partlelei 
floating in the water will be aittmately carried iu> 
to and out of the tbell, In obedience to the cnirent 
formed by its vibratory cilia. 

Id others, they are prodnced by mnscular con- 
traccions; and in none is this more obvtons than In 
the Cattle-Fish, which has an opening on the 
side of (he flsh where the water flows in, and It ex- 
'petled through the siphon. Here we have the 
respiratory process not only subservient to the pro- 
cess of respiration, bnt also to locomotion; forlt 
swims by means of drawing the water into iti 
respiratory sac and forcing it oat suddenly. 

Id Fishes, the ueans by wblt^ this Is produced 
are quite different. 

Ton bare tba arches, then the gHI-corers, and 
tbe water entering tbe mouth, and as It Is forced 
through the gills, passing over Ihs respiratory sur- 
face, white the blood contained in the vessels Ii 
traversing beneath it. 

Id the Serpents and Lizards, air Is Introduced . 
Into the lungs slmpty by dilating the cavity of the 
chest, by the aid of the ribs. In the Birds, tlw 
siernam plays an important part and Is protruded 
forward; the ribs are straightened- To expel the 
air In the classes last mentioned, tbe Inngs are 
compressed by tbe contraction of tbe walls of (be 
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cbest, and of the mnsdes of the aMomen. In 
Tortoises, howeTer, where the ribs eanaot serre for 

'the process of respiration, becaise they are flrmlj 
nnited together, and in A'ogs, where no ribs exist, 
yon hare a sabstitvte for them in the fold of 

' skin under the chin, which may be worked np and 
down by the action of the hyoid bone and its 
mnsdes, so as to pnmp the air into the Inngs as 

' freely as may be required. 

In the Mammals, where the process of respira- 
tion acqalres the highest degree of perfection, as 
regards its mechanical moTement, yon hare the 
muscle which is called the diaphragm, separating 
the cayity of the chest above from the cavity of 
the abdomen below; the ribs, likewise, assisting in 
the respiratory motions, as in the preceding ani- 
mals. 

The diaphragm is a thin muscle, arched up- 
wards ; in front, it is attached to the breast bone— 
behind,to the vertebral column— on the sides,to the 
walls of the chest. It changes its form in respira- 
tion, descending more nearly to a plane surface 
when itcontracts,and thus increasing the cavity of 
the chest in a corresponding degree. 

In speaking of the respiration of Birds, I reliered 
to the peculiar structure of their lungs; to the fact 
that the long was perforated for the transit of air 
.through it There is found to exist in the abdo- 
men a series of sacs, which communicate with the* 
hings, and become filled with air during the pro- 
cess of respiration. But not only does the air pass 
among the various organs of the body, but in some 
Birds even into the whole skeleton. In this shoul- 
der bone of the eagle, (which the Professor ex- 
hibited) you have a section of the upper part of it, 
where the shell of the bone is comparatively thin, 
showing the existence of a large cavity, which, 
during life was filled with air instead of fatty sub- 
stance, as is the case in all animals excepting 
Birds. 

la the Pelican, the air passes into the bones of 
the vertebral column, into the breast bone, into 
the bones of the arms, and down to the tips cor- 
responding with the fingers. In the €!ondors and 
Vultures, it extends even into the large feathers on 
the wings, thus seeming to have a relation to their 
peculiar mode of locomotion. However, in order 
to state the whole truth in the matter, it must also 
be borne in mind that there are a number of birds, 
and those very rapid flyers, in whom the air does 
not enter the bones at all ; and you have on the 
other band the Ostrich, which never flies, into 
whose bonss the air enters very generally. An 
interesting difference exists between the noctur- 
nal birds of prey — the Owls, where the air never 
enters the thigh-bones ; and the diurnal birds of 
prey, where it is constantly present. 

Before proceeding to describe the chemical 
pheuQmena of respiration in animals, I wish to call 
attention to the relation which plants sustain with 
regard to the atmosphere, as contrasted with that 
sustained by animals. The tissues of plants, like 



tboM^f airiBMii, are made np of soUct partficlev 
containing a large quantity of fluid. In common 
with all bodies which contain a quantity of fluid, 
greater than that of the medium by which they 
are surrounded, they lose a portion of it by evapo* 
ration, when exposed to the action of the atmos- 
phere. There takes place, however, besides this* 
an exhalation of vapor, which is analogous in 
some respects, to the exhalation from the general 
surface of animals, and there exists in nearly alt 
plants, a special apparatus by which this proeesa 
lseffeeted» 

If you examine the under side of the leaf with 
the microscope, there will be found a series of or- 
ifices which are denominated ** sfoMola," or mouths. 
They are formed by two cells touching at their 
ends, but leaving an open space between, and 
around these are other cells, which form a kind of 
frame- work. [The Professor chalked it out on the 
black-board.} Beneath that is a large cavity 
formed by tiie anaagement of cells [represented 
on the blaok-board) so as to form a chamber. — 
These atomata^ or openings, hare the power of 
contracting and expanding under the influence of 
light. In the day time they are open, in the night 
they are dosed. There escapes a great quantity 
of exhalaticm during the day. "Hales performed a. 
series of ezpertmenis to determine the amount.-* 
One single experiment is suffident to give an idea 
of the amount of fluid exhaled. A Sun-flower, of 
three feet in height, exhales betl^een twenty and 
thirty ounees in the twenty-four hours, only three 
of which were thrown o£f during the night time, 
showing that the presence of light exerted a very 
important influence. 

Animals have a sensible and an insensible per- 
spiration. The latter is being constantly poured 
out in the form of vapor. But if it passes out fast- 
er than It can be evaporated, it becomes sensible. 
Precisely the same thing takes phioe in plantt. In 
them, when evaporation is slow, as in the morn- 
ing, it accumulates and forms drops of fluid, which 
are ordinarily regarded as deposits of dew. But if 
a screen is placed over the plantso as to prevent the 
deposition of dew, these drop^ stiU make their ap- 
pearance. 

Not only does this exhalation of vapor take 
place, but there is likewise an exhalation of gase- 
ous bodies into the atmosphere* If a plant be 
confined hi a bell glass for a certain length of time, 
and exposed to the light, it will be found that the 
air is quite soon very materially changed, and if a 
candle be now introduced it will bum with greater 
brilliancy than in the open air. The moisture by 
which the plant is nourished contains carbonk acid 
in solution. The earbonic acid is decomposed in 
the leaves under the influenocof light, and the ox- 
ygen is set free, a process just the reverse of that 
of which animals are the seat But still, there is 
in the night time, and even in the day time, a cer- 
tain quantity of carbonic aeid exhaled by plants. 

The explanation of this is, perhaps, as follows t 
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^do6f not become exposed to. the actloa of U^t, no 
^eooBHNMition ift effected and it U exhaled in the 
e«ne oonditioix w.it enteced the roots. In the day 
time, the. small amonnt which makes its appear^ 
«nce is, perhitps, a portion which undergoes no 
^change in consequence of tlw rapidity with which 
it permeates the tissnes, 

Dartes the process of x^nnination, howeveri 
tsarhonie acid is exhaled in considerable ^aantities, 
and icenerated in the tissues. The nntritive matter 
of the seed before ircrmination exists in the form of 
etacch, which, as siK»h, ie incapaUe of subservinfr 
nvtriticm. To become nntritiTe, it is converted in- 
to sa^ar, and ^is ie attended with an evolation of 
earbonic acid* A similar eyolation ef this f:as 
takes ^aee daring inAoresoence, and, as ia the 
Aram, is attended with a disesfae^ment pf heat 

In stndyioff the chemical phenomena which take 
place in animal«,dnriaK the process of respiration,it 
will be the mosltson^idenc to speak of them in two 
icronps: those changes which take place in the 
respired air, and those which take place in the 
Mood. I will 6rst call yoar attentkm to the com- 
position of the air itself. The atmosphere is made 
QP principaHy of two ingredients. Nitrogen, of 
which it contains 79 parts in 100, and Oxygen, tif 
wbieh'it contains 2i parts in 100 ^ there is also a 
mfnate ^aantity of carbonic acid in the atmos^ 
phere*-amo«nting only to l-3000th part of eyery 
TOlnme. 

In passing the air throagh the Inngs, amoag tilie 
changes which it undergoes, are the chaages which 
relate to temperature, io moistora, and to the 
quantity of oxygen and carbonic add* With r^- 
l^ard to the change of temperature which takes 
place, it is only such as always takes place from 
passing into a warmer locality, if it be cold, or a 
<colder one, if it be wann. Valentin found that if 
the temperature of the air was 50^ when it was in- 
haled, it became 9^ when exhaled, giving an in- 
tsrehse of 46^ degiues of temperature. If the in- 
spired air was 109^, it lost ^, behig 101<» when ex- 
|]^red. 

The presence of a eoid atmosphere is atone snli- 
oient to demonstrate an increase hi the amount of 
moisture in the adr exhaled fVom the Inngs. How 
much moisture is exhaled from tiie lungs, is, how- 
orer, veiy difficult to ascertain. If the broath 1^ 
passed through a tube which is kept constantly 
cold, the moisture will be condensed in sufficient 
^naatio^to he measured. It has beoi ascertaiQed 
by experiments oonducted in a great variety of 
ways, that the amount of vapor which passes off 
fVom the lungs in 24 hours, in an adnlt, ranges 
from 16 to 27 oanees— subfact, however, to great 
rarfatiotts. Por, it is found that the amount of 
moisture which escapes fkom the lungs will vary 
according to the season*-aooordbig to the moisture 
of the air whii^ we breathe, and accordhig to the 
diet. Sometimes it happens that the Innge act in 



usual amoimt of insensible perspiration, th|i( la, 
»made up in part by the langs and in pari by the^ 
other excreting organs. From the langs there also^ 
escape in addition to the vapor of water, accidental 
ingredients in the form of various volatile substan- 
ces. Alcohol introduced into the stomach, is ia part 
thrown off through the lungs; passing first into, 
the general circulation, and from thence into tiie, 
lungs, where it is partially exhaled. 

Oneof Ae most important changes after the 
separation of the moisture, is the diminution of, 
the oxygen in the air and the increase of carbonic 
acid. On examining the air after it has been, 
breathed* it is found that it has the same propor- 
tion of nitrogen as it had previous to the process, 
of respiration. Instead, however, of 21 parts o^ 
oxygen hi the respired air,there are but 16 parts in. 
100. The air has lost 5 parts of its oxygen which 
has been absorbed. Instead of l-2000th part of 
carbonic acid which it had previous to entering 
the lungs, it contains now 4 per cent 

The presence of carbonic acid may be showm 
merely by introducing into a vessel, ak Arom the 
longs, and then applyhig to it some of the usuid, 
tests. I will force into this tube air, just as it oomes 
from the hugs. (The Professor blew, through n 
glass tube, air into an inverted receijrer, filled with 
waterl. One of the best tests for the presence of 
carbonic acid, is that of lime, which is perfectly 
transparent when in solution, but when combined 
with carbonic acid has a milky appearance. 0« 
agitating this with the expired air, the lime bo* 
comes visible in the form of an insoluble carbon- 
ate. 

Another test to show the presence of carbonio 
acid, or- the dlsamoearance of oxygen« is the loss of 
power which the air has of snpporthig combus- 
tion. {The Professor introduced ah: from the 
lungs into a receiver, and tiien lowered a lighted 
candle into it, which nearly expired.] If the ex- 
periment be conducted with more care, the candle 
goes out the moment it passes below the surface 
of the vessel. 

We have next to consider the changes which 
take place in the blood. As it passes through the 
blood vessels, on the surface of the air cells, the 
most obvious change is that of color. The blood in 
the veins being of a dark purplia color, while that 
in the arteries is of a bright red. In its tranrit 
tiirough the capillaries of the langs, the changes 
which take place are two : the disappearance of 
ci^rbonic add, and the absorption of the oxygen. 
And to which of these is the change of color due f 
If it be to the separation of carbonic acid the color 
should become red when that alone is ^ected.— 
But it does not become so ; we must seek anotAij^r 
explanation. Magnus found, by exposing venous 
blood under an air pnmp, and inmovisg the car- 
bonic acid, the change of color was not e^lacted* 
hut on behig exposed to oxygen or the atmop- 
phere, the change was at once brought about.*- 



place of the ikiu. If the skin dMS act give off its ijSo that the change is t^ be regmded as heiag 
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effected by the absorption of the oxygen, and not 
by the separation of the carbonic acid. The color 
of* the blood depends entirely npon the color of the 
blood discs, so that whatever be the whole effect of 
the absorption of this gas, one of its effects is its 
combination with the discs floating; in the blood. 
Here then there is one important fact gained, and 
will assist in the formation of a theory of the uses 
of the blood discs themselves. 

In the transit of the blood through the langs 
there is a slight change of temperature, bat not so 
much as was imagined, when it was supposed that 
the lungs were the furnace by which the body was 
heated. It has been ascertained that the blood on 
entering the lungs, does not vary its temperature 
more than half a degree— an amount entirely in- 
adeqaate to maintain its usual temperature. 

On comparing the venous blood with the arteri- 
al, it is not to be supposed that the venous blood 
contains no oxygen, and that the arterial blood 
contains no carbonic acid. Magnus has shown 
most conclusively that both contain oxygen, and 
that both contain carbonic acid gas ; but that ar- 
terial blood contains oxygen in excess, and that 
venous blood contains carbonic acid in excess.— 
Arterial blood contains ten per cent, of oxygen, 
and venous bl^od contains five per cent. Arterial 
blood contains 20 per cent, of carbonic acid; ven* 
ons blood contains 25 per cent. 

We have next to inquire into the source of car- 
bonic acid. And this is an important inquiry. 
Lavoisier, Laplace, and those associated with them 
in their investigations into the nature of respira- 
tion, supposed that carbon was set free somewhere 
in the vascular system-^was brought to the lungs 
—was thrown out into the air cells of the lungs— 
and that in respiration, it combined ' with the 
oxygen in the air cells, and there foriked carbonic 
acid. But as the carbonic acid was afterwards 
found in the blood itself, this explanation would not 
hold good. It was then supposed that the oxygen 
of the air passed through the membrane to the 
blood vessels, and there combined with the carbon 
and formed carbonic acid, which was thrown off 
in respiration. But it was ascertained that the 
carbonic acid was found in the blood, at a dis- 
tance from the lungs, and therefore that theory 
could not be correct. These observations were af- 
terward combined with an observation made by 
Spallanzani, which was this : that Snails confined 
in an atmosphere of nitrogen, still continued to 
exhale carbonic acid ; also, with those of Ed- 
wards on Frogs and Mammals, immersed in nitro- 
gen, and found that the carbonic acid still contin- 
ued to be thrown off. And the unavoidable infer- 
ence was, that the carbonic acid was formed at a 
distance from the lungs. 

Now the carbonic acid does not exist, except in 
a very small quantity, in the arterial blood. It 
does exist in a large quantity in the blood of the 
veins; it must therefore be introduced some- 
where between the two, and tbat is in the capilla- 



ry system. The formation of carbonie add 1ft Ihiff 
peripheral portion of the system— the parts most 
distant from the centre of circulation— enables vt 
to form a theory with reference to its origin. Th« 
blood of the arteries, charged with oxygen, is car- 
ried to the distant parts of the body, the oxygen 
disappears, and is replaced by carbonic acid, thia 
carbonic acid being the result of the combination 
of the oxygen of the blood with the carbon of the 
tissues, then passing into the venous system, it is 
brought to the lungs. 

It also gives a more probable explanation than 
was formerly given of the generation of animal 
heat. If you can show that this formation -of car- 
bonic acid is constantly going on Iq the tissnes of 
the body, 3^n have the means oS keeping np tha 
temperature — each flbrei^ generating its own heat, 
instead of having a central furnace in the langs. 
That the formation of carbonic acid is in part at 
least the cause of animal heat, is obvioas from the 
fact that both keep pace with each other. Daring 
exercise and daring the day, the temperature of 
the body is higher than when at rest, or daring 
sleep. Carbonie acid is more freely evolved in a 
state of activity than dnring repose, and in the 
day; than daring the night With regard to the 
separation of the carbonic acid from the blood 
in the vessels of the langs, and its discharge into 
the atmosphere, the explanation of this has been 
a subject of great interest, and it would seem that 
it is to be explained rather on the score of a phy- 
sical property of gaseous bodies, than^on any 
strictly speaking vital action of the, body. 

And in order to appreciate this, I would call to 
your mind the facts referrod to in the explanation 
of the absorption of fluids; that when two fluids of 
different densiti^ are so placed that the heaviest 
is at the bottom, they become gradually mixed ; 
and this will take place even when an animal 
membrane is interposed.^ Crases follow a similar 
law. If yon have a vessel containing one gas, 
which is heavy, at the bottom, and another eon- 
taining a lighter gas is placed* above it, and the 
two communicate by means of a tube, a mixture 
will take place. ^If the one below is filled with 
carbonic acid, and that above with hydrogen, 
carbonic acid being (me of the heaviest of the 
gases, and hydrogen being the lightest, they will 
mix together, and an interchange will take plaee, 
even if these are connected only by a capillary 
tube. If there be an animal membrane iniitead of 
the tube, the same result wHI follow. This tend- 
ency of gases to intermix is very general, and 
takes place, agreeably to a law known as the '' law 
of the diffusion of gases." 

What have yon in the lungs ? Yon have the 
oxygen of the atmosphere on one side, and the 
carbonic add on the other side, and a membrane^ 
consisting of the walls, of the cells, between the 
two. The carbonic add passes readily towards 
the ahr on the outside, and the oxygen in like man- 
ner, passes through the membraneinto the WooA 
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within. That this is a physical process rather than 
a Tital one, is shown by the simple fact,' that res. 
piration, or the action of the air on blood, may be 
effected ont of the body by introdncing venons 
blood and exposing it to pare oxygen or the at- 
mosphere. The oxygen will pass through to the 
blood within, and the carbonic acid will pass out. 
The blood will become red, and undergo precisely 
the same changes as it would have done in the liv- 
ing body. Another fact, and a very important one* 
which tends to show that this interchange may be 
agreeable to the law of the diffusion of gases, is 
the fact that, after the air which you breathe be- 
comes charged with an excess of carbonic acid it 
no longer arterializes the blood. Accordingly, the 
nearer the atmosphere around us is like the air 
exhaled from the lungs, the less rapidly does 
the oxygenation of the blood go on. In other 
words, when the air on one side of the animal 
membrane and the blood on the other become 
equally charged with carbonic acid, that dilference 
in density no longer exists which is necessary for 
thdr mutual displacement. In the case of fluids, 
if syrup or a fluid of the same density be on both 
sides of the membrane, no interchange takes place 
-— asd the same is true of gases.^ 

Allen and Pepys ascertained that when the at- 
mosphere becomes charged with ten per cent, of 
earbo&ic acid, tiie elimination of this gas by the 
Inugswasno longer effected. And this is impor- 
tant, as bearing upon the necessity of maintaining 
the respiratory medium in a proper state of purity. 
A human being placed in an atmosphere of 10 per 
cent, of carbonic acid, weuld survive but a short 
time. If the carbonic acid is even in less propor- 
tion than this, an effect is produced the more inju- 
rious as it approaches to this percentage of the acid. 

You have instances in great abundance of the 
destruction of the life of persons exposed to an 
atmosphere containing a larger proportion of car- 
bonic acid than is consistent with the healthy per- 
formance of the function of respiration. 

No instance is more remarkable than the case of 
the prisoners confined in the Calcutta prison, com- 
monly known as the "Black Hole,'' where 146 per- 
sons, most of them British soldiers, were impris- 
oned, in an apartment 18 feet square. The only 
entrance for fresh air was through two small win- 
dows ; and both of these being on the same side 
of the room, in the coarse of a few moments they 
became very much affected by the deterioration of 
the atmosphere— soon great difficulty of breathing 
came on, then delirium, next stupor, and finally, of 
146 persons imprisoned, the next morning 123 lay 
dead on the floor. 



Although the carbonic acid may not in atl eases 
be evolved in sufficient quantities to be appreciable, 
yet it must prevent more or less the dae perform- 
ance of the respiratory functions. In Paris the 
amount liberated in rooms has been investigated 
with a great deal of accuracy. There, the air has 
been taken from the wards of hospitals, from lec- 
ture rooms, and from the theatres. In England, 
when Dr. DAlton made an analysis of the air 
where 500 persons had been sitting for two hoars, 
and fifty candles had been burnt, he found that 
it contained as much as one per cent, of carbonic 
acid. 

Le Blanc, in examining the air of one of the 
w'ards of a Paris hospital, where the doors and 
windows had been closed during the night, found 
that the carbonic acid had increased to five 
times, the usual amount ; and in the lecture room 
of the Sorbonne, where a class had been confined 
but a single hour, the carbonic acid had increased 
to three times the amount naturally existing in the 
atmosphere. 

The respiration of Fishes and aquatic animals i» 
in no way different from those living in the air, 
except as to the medium of respiration. The at- 
mosphere is dissolved in the water, and the whole 
process of respiration in water- breathing animals 
is performed by causing the fluid to pass over the 
surface of the gills, when the oxygen is removed 
from it, and carbonic acid is set free. 

In examining the structure of animals which 
have an aerial respiration,and yet live in the water, 
there are often times very remarkable adaptations 
to enable them to remain beneath the surface- 
Animals which remain nnder water a great 
length of time, as the Otters among Amphibious 
Mammals, and the Ducks among Birds, have a re- 
ceptacle in which the venous blood is accumulated, 
and is only allowed to pass through lungs on com- 
ing to the surface. In the Whales, however, there 
is not a chamber for the accumulation of venous 
blood, but in the walls of the chest there is a re- 
ceptacle in the form of a plexus of arteries, for the 
accumulation of arterial blood, which they may 
use up as it is required. Many Reptiles have a 
still different arrangement Tortoises, for instance, 
always take down with them a large quantity of 
air in their sac-like lungs, which is more than is 
necessary for their immediate demand, so that 
they are still breathing, although below the sur- 
face. 

This conchides what I have to say with regard 
to the processes concerned in the purification of 
the blood. The subject of the next lecture will be 
the Nervous System. 
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LECTURE IX. 



In attempting: a classlflcatiofB of the fnnctlons of 
the body, at the commencement of the conne, I 
divided them into two primary li^ronps ; into thoie 
of Animal Life, and those of Organic Life. Those 
of animal life were farther sabdivided into the 
Motory system, and into the Nervous system.— 
The functions of organic lif\9, into those of Nutri- 
tion and Reproduction. 

I have considered the functions of the motorr, 
and of the nutritive system ; and we have remaining 
tho&e which preside over the most important pro- 
cesses of the body, located in the^nervons system, 
which is the seat of the will and intelligence, and 
forms the means of communication between the 
intelligence and the external world. 

The nervous system is not known to be univer- 
sal in the animal kingdom. Wherever it is kno¥m, 
it is positively certain that the being in whom it is 
found is an animal. But there are some animals 
in whom no trace of a nervons system has hith* 
erto been detected. The Hydra is in this condi- 
tion. The most accurate observations of Micro* 
scopists have not detected a trace of nervous 
fibres. The Actiniee, which are very closely allied 
to it, present us a nervous system, similar to that 
of the Radiated class. 

It is not improbable that a nervous system may 
be detected in the Hydra, though it would seem 
that it ought to have been detected before this. 
Physiologists who have been unwilling to give up 
the idea that one does exist, have supposed that a 
nervous system, in a "diffused form," was present 
in such animals as the Hydra. To illustrate what 
is meant by a diffused nervous system,! will recall 
to you what I have said in a former part of this 
course. It will be recollected that respiration is a 
process which is carried on in the Hydra, as well 
as in the higher animals. But in the Hydra it is 
carried on by the general surface of the body. 
There is no especial organ appropriated to this 
function. But as you ascend in the series, yon 
will find that there are certain portions set apart 



for respiration ; among them, you h«re ia tte Do* 
ria, the frini^es on the back, in fishes, the gillS) and' 
in the higher animals, the lungs. 

The same may be said of motion. A distiiiet 
muscular system does not exist in the Hydra^ aU 
its pfurts being endowed with contractility. B«t 
as you ascend in the animal series, there are mve* 
cles devoted especially to Hob function. 

Now, it is supposed that, in these simple animalai 
a nervous system may be dififuaed through tbe 
whole body ; that each portion of the body^ anA 
each part of the surface may be endowed with its 
own power of receiving sensory impressioM. 
This view is not improbable, and although it mnsi 
be regarded in the light ef an hypothesis, yet theve 
is nothing unreasonable in it. Bspeoially when 
you compare it with what is absolutely known 
with regard to the diffused conditimiof other ftinc« 
tions in these lower animals. 

As we have not, then, a nervons system which 
we can detect in the Hydra, we must take our de- 
parture from another point, and examine first 
those animals which present it in the greatest de- 
gree of simplicity. And there is none in which it 
is more simple than that which is presented In 
the Star Fish. If a Star-Fish (Plate LXXXIV) be 
Plati LXXXIV. examined, there is fotfnd 

existing around the cen- 
tral cavity, which is the 
stomach, a chain, or a ae- 
ries of bodies, one of 
which corresponds with 
the base of each of the 
rays, which, in this spe- 
cies, are five. And if the 
Star-Fish. T&js^ are more numerous 

than represented hi this figure, they are generally 
multiples of five, and there is found one of these 
bodies at the base of each additional ray. 

These bodies are denominated nervous centres^ 
or, ganglia^ and from each of them proceed flbrea 
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lo tbe diftont parts of tlieir ntpeetiTe njs. If tbe 
nenroas system be exftmloed still Anther, it 
will be foviidthAt ocbev fibres extend (torn the 
litaQitHoii at the base of one ray, and coniMCt 
it with the ganglia at tbe base of tbe adjoining 
rays, and by this means all the gangUa are con- 
nected together. 

These three ingredients— tbe eentral body, or 
ganglion, tbe nerves going fh>m it to the distaat 
parts of the rays, and tbosd fibres going firom one 
ganglion to another, connacting them together— 
constitote the elementary nerrons system-«-ele- 
ments which are repeated tbronghont the whole 
animal series. 

Each nenre consists of a series of fibres which 
pass from the skin towards tbe central parts, and 
another set of fibres which go firom the centre to- 
wards the mnsoles. The first transmit an impres- 
sion Arom tbe surface towards the centre, produc- 
ing sensations ; whereas in tbe other instance they 
transmit an inflnence fh>m the centi*e towards the 
muscular fibres, causing them to contract 80 
that yon hare here the means which transmit the 
exciting cause of sensation and motion, or tbe nerv- 
ous system, giving rise to sensation through one set 
of fibres, and motion through another. 

The third element is a series of fibres passing 
ttom one ganglion to another, constituting what 
are called commissures ; being, however, nothing 
more than fibres, which, instead of passing fh>m 
tbe skin, or to tbe muscles, pass fh>m one ganglion 
to tbe other, uniting them into one series, instead 
of leaving them single and insulated masses. 

Before proceeding farther, it will be desirable to 
ascertain what are tbe minute anatomical charac- 
ters of these elements of a nervous system— of the 
fibres which conduct influences, as well as of those 
other parts which are denominated nervous centres. 
If tbe fibres, which pass from a ganglion towards 
the general system, be examined under tbe micro- 
scope, they will be found to baye tbe structure rep- 
Plati LXXXV. resented in this figuie.— 

Take a nerve and tear it 
into minute fibres, place 
one of these under tbe 
microscope, you will find 
that it is still composed 
of fibres more minute, the 
smallest being not more 
than 1-1500 of an inch in 
diameter. 

Nervous Fibre. 

These are found to be tubular, consisting of a 
membranous sheath, which contains a substance 
that is perfectly transparent at first, but on being 
exposed to tbe air or water, becomes somewhat 
opaque; there appear within it minute globules. 
(Plate LXXXV. ) The contents of the sheath con- 
sist of a substance which is semi-fluid, having a 
pasty or pulpy character, as may be shown by 
pressing the nerve-tube between two plates of 
glass, when the contaiaed matter will protrude at 
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the eod. When examined in the living body, there 
has never been detected anything like motion 
within the nerve. 

In examining the fibres which go from tbe Ner- 
Tons centres to the eye, or tbe ear, or tbe organs of 
the special senses, it was thought by Ehrenberg 
that a diffiftrent kind of nerve existed,for it appear- 
ed as in Plate LXXXY [right half]. But this was 
found to be purely accidental, not existing natu- 
rally, but tbe result of the manipulation to which 
it was subjected. 

In tracing tbe nervous fibres to their termina- 
tion, either to tbe muscles or to tbe brain, it will 
be seen that they do not terminate by free ex- 
tremities, but in loops, as shown where they are 
taken from a cavity of tbe tooth ; and tbe same is 
generally true if they be traced into the brain or 
ganglia, firom which they are derived. 

These ultimate nerve-fibres are bound together 
in a common sheath, and thus form a nerve. If 
they be traced along tbe course of a nerve, there 
has no instance been found in which they are 
branched. Every fibre is kept entirely distinct 
from every other fibre. Fibres may pass fron^ one 
trunk to another, but they do not form any direct 
communication with one of its filaments. A 
nerve, then, consists of independent tubes passing 
from tbe nervous centres either to a muscle or to a 
free surface. 

Tbe central bodies, or 
ganglia, from whence 
these fibres proceed, are 
made up of minute bodies, 
called nerve cells. Some 
of these are represented 
in Plate LXXXVL Some 
are round, others oval ; 
but all of them presenting 
in the interior the nucleus 
' GangUan CelU. characteristic of tbe nu- 

cleated cell. Oftentimes, projections extend from 
the surface of this cell, as represented In Plate 
Plats LXXXVU. LXXXVH, in some cases 

tp very great length ; as 
represented in these seve- 
ral figures. They are said 
to be in some instances 
►continuous with nerves, 
or with tbe origin of the 
nerves. In a few instances 
they have been traced to 
be continuous with them. 
Ganglion Cetts. jhe figures here given 

are from the human brain, but similar ones exist 
in the nervous centre of tbe lower animal. Tbe 
ganglion is in all cases made up of this ingredient, 
in the form of a nucleated cell. 

With regard to the fibres which pass from one 
ganglion to the other,they are of tbe same structure 
as represented in Plate LXXXV. 

In speaking of the chemical composition of tbe 
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different tfssaes, I referred, in a former leetiire» to 
the fact, that the active tisaipee of the body oon- 
tained albumen in large qaaotitiee ; whereas the 
others, the passive origans, as bones Jicaments, &c., 
were made up mainly of irelatine. It has been ob- 
served, that there is a difference in the amount of 
this element, which is in proportion to the enericy 
and activity of these organs. The nervous system 
of an infant, on analysis, is found to contain a 
smaller per centaice of albumen than that of an 
adult; and it is still ftirther stated, that in an idiot 
it was found to correspond in its proportion with 
that of an infant. In adults and in young persons, 
the amount of albumen is at its maximum. 

Anatomically, the elements then of the nervous 
system consist of centres, in the form of ganglia, 
and of conductors, in the form of nerves. We have 
now to consider them in action, or to consider 
them physiologically. 

Under the influence of the will, an influence orig- 
inated in the nervous system is transmitted to dif- 
ferent parts of the body and calls the muscles into 
action. In consequence of an impression made upon 
the general surface, an influence is transmitted to- 
wards the central portions of the nervous system, 
and is followed by something more than mere 
irritation, like that which takes place in the sensi- 
tive plant. It is followed by sensation and 
perception. The natare of these, we have already 
shown in the Hydra. The same is true of the Ac- 
tinia, which is similar to the Hydra, and is now 
selected for illustration, because a nervous system 
is known to exist in it. If you cause a grain of 
sand to touch one of its tentacles, they retract, and it 
is rejected as useless ; but ifjan animalcule which 
can be used as food come in contact with the 
tentacles, instead of being rejected, it is seized by 
the tentacles, passed from one to the other, and at 
last taken into the mouth. Here the animal dis- 
tinguishes between the grain of sand which is^ use- 
less and the animalcule which can serve for its 
nutrition, or, in other words, it perceives a difference 
among the impressions made upon it by surroun* 
ding objects. 

As the ganglia are the seats to which influences 
are propagated, and from which motory power is 
transmitted, it supposes the necessity of an influ- 
ence passing backwards and forwards. The nerve 
is merely a conductor. If the nerves of the higher 
animals are Aed, then the influence between the 
distant portion and the nervous centre is entirely 
cut off, and the part to which it was distributed 
paralyzed. This would seem to involve the exist- 
ence of an influence of some kind which is trans- 
mitted. And the first question which arises is, as 
to the nature of nervous influence? It is not to 
be expected that any answer will be given as to 
its essential nature. The precise nature of it is 
not known, and probably never will be known, 
any more than is the nature of gravitation. This 
last is known only by its phenomena. The ques- 
tion is not asked with regard to the essential nar 
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tore of nervous force, but whether it be identical 
with any known foK5e, or whether it have any phe- 
nomena which will enable us to regard it as an 
independent force. The nervous influence, what- 
ever it be, has, in the rapidity with which it Is 
transmitted, and in the manner in which it is con- 
ducted by fibres, led Physiologists to suppose that 
it is identical with, or in some respects strongly 
^resembling, electricity.: 

From the days of iGkalvani to the present time, 
sUice he succeeded in rcansing motion in the mns- 
eles by electricity,there has been thought to be some 
connection between nervous energy and electrici- 
ty. He excited muscular cdntractions in a frog, 
by passing a current through a nerve. These mns- 
cnlar contractions have been excited in higher 
animiUs, and even in criminals recently executed, 
all the muscles being incited by transmission of 
the electrical influence through the nervous sys- 
tem. 

But it is not to be inferred, because electricity 
may produce these effects, that it is identical with 
nervous force. For there are other kinds of in- 
fluence which will produce the same effect If 
the nerve be pinched, or if a pin prick it, the same 
result takes place in a modified form. Or if a 
chemical irritant be applied, a similar effect will 
follow. In order to prove that electricity and ner- 
vous force are precisely alike, we must find that 
they both respond alike to the same tests. How 
do we know electricity? We know it from its 
being able to decompose certain substances in so- 
lution when its current is passed through them.— 
Electricity has the power of giving a shock to the 
muscular system when passed through the nerves. 
It will produce in other circumstances a spark; 
and when passed around a piece of steel it renders 
it magnetic. But the most delicate of all tests of 
electricity, is the power which it has of causing a 
needle alrei^y magnetic to change its direction, or 
of '"deflecting" it. If an electrical current be 
passed over a needle, it will be changed from its 
natural direction to one approaching more or less 
to a right angle with the current passing near it. 

Now, not a single one of these phenomena ha^ 
been made manifest by nervous force. Matteucd 
found in the leg of a horse, that when the nervous 
force passed along one of the great nerves, it 
had not the slightest effect upon the most delicate 
galvanoscope ; the needle not being In the least 
deflected. There is another objection to their 
identity. The nerves do not form equally good 
conductors of the two forces. It is found that a 
nerve is a very poor conductor of electricity, infe- 
rior to muscular fibre ; so that it is impossible 
to circulate the electric fluid through the nerves 
to the distant parts of the body, because of the mni- 
cular fibre being a better conductor than the nerves 
themselves ; and the nervous influence, therefore, 
were it identical with electricity, would return to 
the nervous centres, through the mnseles, before it 
oonld reach the distant parti of the body. 
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- AitMlter«ltJaettaiitathft MraUtf of slectrtdtr 
And nerroQa force ii, that simple oonpresilon of a 
aervG will prerent tbe trsHflmlasloii of the secood, 
tut not of the Brat. Anyone ftpplrlnjc compres- 
tloa to a nervg intempu the comBDolcatioD be- 
tween tbe nervoai CHitree and the motcles. Bat 
«lectrtciiy traTeli through the nerre Joit *s well 
with compresrioB as wlthoat It. I%eae ottJecUoiH, 
then, woald leen 1« render the laferente altOKBtb- 
«r an Dofair one, which wontd Identlfr these two 
fofcea. It does not prore that tbey are not identi- 
cal: it only proves that Ibeir identitr has not yet 
been detected. 

It is not long, slaee the three fome of etecMcitr 
— commoa electiidtr, galTanlim and magneasm, 
oow resarded as one and (he eame — wero snpposed 
to be wholly distinct. And it Is not improbable 
that nerTona foroe may yet be dtscorerod to be 
■till another condition of electricity. 

The simpleat eenditlon known of tbe nerron* 
ayaten is that of the Stai^Hsh, abeady vefeired to, 
wbera the nerret radiate from a aeries of (tangila 
«rr^Eed hoitaoaudly aronnd a common centre; 
and Ibis is tbe characteristic form of the nerrons 
■ysieni of the whole dase of Rsdiata. 

Tbe ArUcalata, In their essential cbartctera, It 
will be rontembeted, are made ap of a Bertss of 
linKs, eacb socccsaiTe ring being a repetition of 
that which preceded it, as is ibe case in theCenti- 
ped. (Plate VIIJ. In ihe higher Articulats these 
ringa are modified with reference to the different 
kinds of locomotion, of which there it an illnstra- 
tioa la Plata Till Tbe nerrons system in this di- 
vision of the animal kingdom is eqaallychamctar- 
Isiic, and is composed of ganglia arraagied In a 
longitudinal series, wbicb, witb their connecting 
fibres, form a chain extending Uie length of tbe 
body. If oU the rings are of nearly equal dlmen- 
tioos.as' in the Tolitrosand Julns, then tbe ncrTons 
eystem will consist of achaiaof ganglia, of eqnd 
Fun LXII- FliM ULXXIX. Pu™ XC. 
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Kmnu SyUm 
sfTaJximt. 
.size, as inTalltrns, 
(Plate LZXXIX). 
Each Joint baa Its 
ganglion, and that 
is united with Ihe 
ganglion "below 
and above, and 
from these are giv- 
en off tbe nerves 
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Fun XCL wUeb ttra distribflted tt 

I different segments of 
1 body. In tbe biglier 
uatacea, the Lobster 
d tbe Scorpion, (Platei 
Z and Za) the gan- 
a ara no longer of 
aal slie. If jon recal) 
i different segments of 
a Lobster, yon will re- 
jmber that in one part 
the body, the thorax, 
B riDgs are much larger 
an in other parts, as it 
rri^s not only the or- 
ns of locomotion, bat 
. s. of Scarpsmi. also those of respiration. 
ri xcll. In another form of Crastacea, 

Orabs, the nerrons system of 
one which Is represented In 
^ate XCII, all Uie rings of the 
central part of the body are 
f nsed together, and those of the 
tail being imperfectly develop- 
ed, a corresponding concentra- 
tion seema to have taken place 
In tbe nerrons centres. Thay 
Osi. are united so as to form two 

parts. «ije for the head and one for the rounded 
centraliied body. In Insects and Worms, a class 
which Is constructed on the same general plan, tbe 
ganglionic system has the same general fbrm a* 
seen in that of the Leech, (Plate XCIII). 

Pura xcui. It may be said with reftard to 
all the Invertebrate animals, 
whether Radiates, Hollasks, or 
Articulates, that the □etroat 
eystem forms a ring at one 
portion, throngh which passes 
the leaopbagas or Ihe alimen- 
tary canal. In the Badlata, the 
ganglia are arranged syinms- 
trlcally around the (Bmphagaa ; 
but in the two other dlvlilons 
It Is only the anterior portion which forms such a 
ring, as seen in tbe Lobster and the Slug. If tbe 
ganglia aboni the bead be examined with refbrence 
to the fanctlouB, U wUl be found that those abore 
the cssephagas always correspond with the organs 
of sense, there being always one fbr the antenoN ; 
and if there be eyes, then yoa have an optic gan- 
glion for presiding over the sense ofvlslou. But 
'If the eyes do not exist then this ganglion Is not 

If one of tbe ganglia of the nervous cord b« 
examined with reference to Its mlnate stractnre, It 
Is found to be made np of tbe following parts 
(Plate XCIT and XCT.) The nerves will be foand 
some of them to pass In lowardt the centre of the 
gsDcllon, and others passing Into It ascend and 
terminate in the ganglion at the haad. ThsMrla* 
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puilmi temida Iha ttninS portion ol ibe f uwIIod 
feiMDne laternlxMl wltk TotldM which an lodg- 
•4 thsre. and are trne RtDgUon cells. 

Pun ICIT. Put. XCY. 



S<«t«n <t^ Cmtigti. Samglum. 

PunXCVI. In tbo ArticaUwd animal*, 

ta In ths ioBtances wbicb bave 

^ juM beea dlTan, la the Crasta 

/ c«a, 1b tbs Woims, aad In tha 

K Laeeh, 70a bare all the jiang- 

E Ua anaDged, one behind an- 

oibBT. In HollDsks, Ibe ar- 

Tansement of the ganitlla la 

^ qnlM different, as will be seen 




m qf Sielltp. Ntnma Si/mem of Ojnur. 

PuTi XQlX. & XCIX, with those of the Ar- 

tlcnlata, described above. The 

fbraer Id no Instanca forming 

a eh^n of ganglia aa in the 

^Artlcnlftta.but consIMing of an 

, ' <e9ophaKeal riOKi with other 

-i ganglia attached, bat in an nn- 

gjmmetrlcal manner. 

In considering the nerrona 
svBtema of InTertebraee Anl- 
JV. £yMnn— 5feig, mala phy Biological I7, the func- 
tion* which have been referred to are fannd to exlal 
iMall ; that ii, they are capable of being inaaenced 
bf external Impreaalona In each a manner as to 
give rise to seosatlona and percepHona; and are 
Mpable of emitting an Inftnence which glTe* rise 
towtucQiar contraction*. In the Sur-Flahet It f a 
probable, from the similarity of the ganglia aa to 
tbelr size, the nervea which are conoected with 
them, and the parts with which (hey are in rela^ 
tlon, that they are also endowed with similar prop- 
erties. In the ArUcnlata and the Uollmca. the 
two ganglia at the head, and which farm the up- 
per portion ijf the cesopbageal ring, are the one* 
iVom which the nerrea are derired that are dis- 
tribnted to the tactile organs, to the eyaa, or the 



leDtMlM to whi«li tka VM ar» attMlMd, ud to 
(he sappoMd. organ of hearing. They mar, 
therefore, be reftarded a* tbe aeats of aveelal sen- 
siblilty, and analogOM* to tbe brain of Tertebrata. 
Wlih regard to tbe ganglia lilnated below the In- 
tdstlaal canal, |fbr thia is the position of all that 
portion of the chain wlilch lollows the (esophageal 
ting,) it la quite certaia that Ihey are capable of 
recelrlog Iniprasalons and emanating an Influeoce 
which will give riae to moa'cBlar eoatracilona, and 
this independently of those ganglia which are coo- 
necied witb the organs of aenae. 

Hr. Newport has prored, and this accords with 
(be resnlt* noticed by nnmerons obaerrers, tha) If 
a Centlped b« dlrlded by CBttlni throngb Ibe body, 
a short dlstattce briilnd tbe head, ao that a fbw leg* 
shall reoudn In connection with the anterior seg- 
nent, this last will more abont In snob a manner 
as to give aaeqalrocal eTidenoa of Tolidon ; It will 
aroid objacta, go orer them, tan to the right or 
the left with gnat faclltty; whereas tbe other leg- 
mrat will noTesiraigbt forward tlH itmaetawitb 
Borne olMlaida, then moves 00 fanber, tarnioff 
neither to the tight or the left. To prore that tb« 
hiSn^tncB of tha motloM of the posterior segment 
are to be atulbaled to theinfinenceof itsguwlia. 
It has been sbawn Chat If oua or more of the gan- 
glia be dcMroyod, the motlona of the segments of 
tbe body will be destroyed to a esrreapondlBg de- 
gree. 

From the fhcts abore stated with regard to the 
Centiped. It woatd appear that the will i» certainlj 
la action when the anterior part of Ibe body moveii 
bat there does noteziateqaaleridenGe witb rogard 
to the motions of the posterior portion, and in fact 
tola ntary motion In tbelalteria wholly denied. — 
It will be toand Tery difflcalt, however, to prove 
that the ganglia mrreaponding with tbe D);gans of 
sense are the only seats of volition. A Fly that has 
haithis head torn or cat off, will stand nprfgbl on 
his feet, will go tbioiwb aU the moramcnts of 
cleansing his wlDg* witb bis hind feet, and even 
deanae the feet ihemtelvea, of the dJrt removed 
f^ocI^lfa> winge, by rabbing one foot against the 
olber. Bocb an act, having all the appeaninceB of 
object, design. It will be very difflcalt to show is 
not velnntary. If It bq nolnntarr. It Is certadnly in- 
dependient of the anctriar, or so called oeiebral 
ganglia. 

Passing from the fcreriebraied to the Terle- 
brated series, we have the type of the nervous sys- 
tem wholly changed, presenting Itself in an en- 
tirely dlffarent an*)omical relation to the rest of 
the animal organism. The Tertebrated dlvlslia of 
anlnajs Ib characterized by the ezlatenes of a ver- 
tebral cohiiaa, to which are aCtacbed the varioas 
parts which form tbe skeleton. Tbe animals which 
coiDpoae this aeries, were not called Tertebrated 
animals simply from having a vertebral colnma, 
bat becanse this was ao Index of something else, 
far more Important— tbe vertebral column form- 
ing a canal for the protection of a partleolar form 
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tK M MrtoM lyiWn, Wng ftt lPK Of % train Mi 

In the laTertetmMd anlninls, tba narroas tyv 
tam hu DonpsTBle emvt^ftirttipraMeffon; hi- 
•tcBd of balBR fo a cm»l by lueir. It It lodiced In 
Ibe ittms eavi^ widi tb« ether viMen. 

Tb«n «klati la all the T«rtebtmted aafmali » 
mntnl ucli or erlfndcr, fVon urbloh araiirlTen 
«ff th« Twfotn pain or nerve* lo the rticM and 
hft, a alQRle pair eorreBpondlnK toMch pioceof 
the Teitebrkl column. In the A.niphtoxai, the 
•Implett Tertebratod animal hitherto dbcorered, 



(Plate C) the central crilnder, with the nerve* 
given off la pain, consiltntea the whole nervoni 
aratem. Bat In the flahel i^enerall;, there ta de- 
veloped at theaateriorpartorthecrllnder, a ae- 
ries or Kanglla, which are connected with the or- 
xana of aeiue, and taken collectlvelf, constitute 
the braJn. 




!, C Freg, D Pigrn, and E Mm. 



The tpinal narrow m^ be remded aa tho Ab> 
damenl*! portion of tka Barvoni aratani of the 
Twiebrata, ai tfeb I* tke MlyportloB which ti 
never alMent, and oufiht thentOra to be preeenied 
' fint for dMialderatlon. 

Exaalnad uutonleallri tba ■ptaat chord it 
found to be made >p of two ekmeota, «• (hown In 
IB eectloD In Hate CII— «a external white, 
7uu GU. flbrou, or tabnlaT por- 

tion, and an IMenal «al~ 
^ored " vetlcnlar," or ' eel- 
Inlar" portloB ; the flMmer 




of nlltmate Berv«-]mr«, and the latter of 
the element of which the KanRlia and Ae bnia 
are compoaed. The nerves are not connected wHh 
the spinal marrow by simple attachment, but ar« 
dIvMed f 010 namerona rooH, and the root* arranif 
eilBtwoffr«iip*,ft*thowntn Piate CIIE, Tic an 
Fun cut, anterior and a poatarior jtroop. 
Eicfa of Ibeae unite and font 
a aeparate bundle, and raMe' 
qaetttl; the two buBdle* aniW 
and form a ahiRle nerv6. OB 
the posterior handle there ii 
alwar* preient, Jnit beTore it 
nnltea with the anterior, a 
ronnded body, which has the 

atructuroof the nanglia of the 

il«ii«'*fii<HJf««».in„rtaMata. Before deter- 
mlnlns the natare of the fanetlona of the'aplnal 
cord Itseir, IC will be deatrable to ascertain the 
properties of the daaaea of flbrea conatltnting thn 
roota of the apinal nervea, as the latter will eerve. 
In some raeasare, aa a ke; to the former. 

An Engllah PhjnioloRist, Alexander Walker, ia 
ipeculatlnK apon the aaes of the roota, bat nnsup- 
ported br obeerratloa or esperlcnent, ventured to 
Msiirn a a*e for theae different tbrm ; and aa Is ah 
mosl Invariably the eaae nnder sncb drenniitmee*, 
dthouKh be had but to gueaa between two thingSi 
lie iraeaaed wronK- He awerted that Oie aoterlM 
roots were In relation to »eaeatlan, and the peel*' 
rior to motion. 

la the tower animali there is phvstcAoslcal e*l> 
dene* of two kinds ot propenle* lit the nerve, thai 
the nerve* are snbaervient to eenaatlon, m well a* 
to motion, thoBffh it cannot be proved that the 
lljre whiek transmlta volltlan^ inflaenee* la dHhr- 
ent from that which transmtis aensiiive impres- 
sions. Bat In the Tgrtebraled serlea, we have tba 
means of demonatratlnit that two kinds of flhrO 
exiit~that there f* one kind subeervlenttomot- 
llon, and another kind to senntlon. 

In examining the nervea which are atlaehed t» 
the apinal marrow, It was a matter of obtemtloB 
centuries afce, that eaeh nerve was provided with 
two hind* of roots at ita attatfament with Ibe spt- 
nal cord, bnl no one auapecicd a difference of 
ftiDCtion. More reoentl/, Boerhaava, however. r». 
eoKniied the fact that, when examined phi/Magi. 
oiJIii, there extated nerves of motion and ofsena*- 
Hon; aod'when examined BKUnmieoI^. that then! 
existed twoklnds of flbrea, (derived from tbeant«- 
rter and posterior root*,) and which, alihotiRfa en- 
closed Id die same nervoa* trunk, ;et the Indlvld- 
nal fibres always remained distinct ; bnt In spMn- 
ladngnpon theuaeaof theaaflbrea beaaka, 'Who 
■hall aay that this moves or that thst fieeia V 

fiab*«quentlv, Sir Cbarlea Belt determined to as- 
certain their true nature, from experiment and ob> 
letvatlon. He found that If the apinal cord be ex- 
poeed.andany irritation, a* the point of a probe ot 
a needle, beapptled totbeaniarlorroota, immedt- 
■My there foUowa vMell muacular eonimcIA)* \ 
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and tbit was so eonstantly the caserthat be ragarded 
theee fllameDto as the true conductors of the ma- 
torp influence. It a similar irritation were applied 
to the posterior roots, no contraction foHowed. — 
As Sir Charles Bell, fVom motives of humanity, 
experimented, in all except the first instance, oo 
animals rendered insensible by a blow on the head, 
he obtained no positive evidence with regard to 
the functions of the posterior roots ; but collecting 
together facts derived from diseased conditions 
of the human body, together with the negative 



ftet that the posterior voota w«re not motoir* be- 

inferred that the posterior root<) were composed off 
aentitive fibres. More recent experimenters, espe- 
cially Magendie and Louget, in France, and ftUW 
ler in Germany, have placed his conclusions bo* 
yond the reach of doubt. 

Each spinal nerve, therefore, may be regarded 
as consisting of two sets of fibres i an anterior or 
motory series ; and a fioaUrior or mnmlive series* 
The posterior are provided with a ganglion, axA 
the anterior are destitute of it. 



LECTURE X 



The simplest form of the nervous system which 
is known to exist in the animal series, is that 
which has been described as existing in the Star- 
Fish, consisting of a number of ganglia, with 
nerves passing to the rays, and filaments passing 
from one ganglion to the other. 

In the Invertebrated animals generally, there is 
a ring formed by the nervous system around the 
Intestinal canal: In the Star-jE'lsh, in a horizontal 
plane ; and in the Articulata, a ring in an oblique 
plane : the same is also true of the MoUusks. 

There is a distinction between different portions 
of the nervous system, drawn from their physiolo- 
gical characters. Thus in the MoUusks and Artic- 
ulates, there always exists a series of nervous 
fibres, which pass from the first pair of ganglia to 
the organs of sense^some to the eyes, others to 
the ontenfkB. Physiologically considered < there 
are two ganglia, corresponding with the bead, and 
are considered as the seat of volition. In experi- 
ments, the parts bel^nd are removed from the in- 
fluence of the will, by dividing the chain with a 
knife. The posterior ganglia, however, are the 
seat of certain kinds of influences, which are in- 
dependent of the anterior parts. For, if an insect 
bas its head cut off, if the legs are irritated, there 
is still a certain amount of motion, showing that 
the movement can take place, independent of the 
so called brain. 

In the Vertebrated animals, the nervous system 
is differently arranged Arom what it is in the In- 
vertebrated series, where it is without a vertebral 
column. In the Vertebrata, there is an axis ex- 
tending nearly the whole length of the vertebral 
canal, and giving off the nerves to the right and 
left, just as the chain of ganglia give off their 
nerves in the Articulated animals. The simplest 
fwm is that of the Amphioxns, the simplest 



known member of the Vertebrated series, wher^ 
the nervous centres are made up of a cylinder ex- 
tending the whole length of the body, giving olT 
nerves at each side, but not enlarged, at the front 
part, into anything like the brain. In all the high- 
er forms, there is developed on this cylinder a 
series of bodies, of nearly equal size in fi^ebcs, 
which are considered as the fundamental parts of 
the brain ; for tbey exist in all the higher forms. 
This central axis of the nervous system in the 
Vertebrated animal, comprising the brain and 
spinal marrow, bas received the particular -desig- 
nation of Gerebro-Spinal Axis. Formerly the brain 
was considered as a part, or something entirely 
distinct from the spinal marrow ; but a^ you pass 
along the Vertebrated series, yon find that the 
brain is developed from the spinal marrow. The 
spinal marrow was shown to be made up of two 
ingredients, as is the nervous chord in the Inverte- 
brated animals. The nerves are connected with 
the sphial chord by two kinds of roots— an anterior 
series, or motory, and posterior, or sensitive roots ; 
the last are distinguished from the former by the 
existence of ganglia. These two kinds united, 
form the trunk of a ppinal nerve, the posterior 
branches transmitting those impressions which are 
followed by sensations and peroeptions ; and the 
others transmit those influences Srhidi are follow- 
ed by muscular motions. 

It now remains to speak of the functions of the 
spinal chord itself. In considering it Physiological- 
ly, since there exist two substances, ope fibrous 
and the other vesicnlfur, if the proposition laid 
down in the last lecture be correct, that one is the 
dynamic portion, and the other a conducting por- 
tion, then the spinal marrow ought to be a con- 
ductor and a centre. That it is a conduftor, there 
can be no sort of donbt. The most abondant evi-' 
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dmiee, dcffred from expeiimmts and the rMitlti 
from Tarioas accidents, demonstrate this. If 
an animal be injured by tbe fractare of tbe 
rertebral colnmo.so tbat the spinal marrow is 
eom pressed, then follows paralysis of all the pans 
below. A person who has bad the spinal marrow 
• compressed, is incapable of moTing any of -bis 
mascles below the seat of injary ; and any impres* 
sion which is made upon tne skin i» not trans- 
mitted to tbe brain, so tbat there can be no sensa- 
tion or perception. That this merely acts as « 
conductor, is shown by the efifects of iijuries in 
different parts of the column. If the yertebrsB be 
firactared at tbe lower portion of the vertebral col- 
nmn, then only the lower limbs are paralysed : if 
in tbe middle of the back, the lower part of the 
body, with the lower limbs ; and as yon ascend, 
the biiEher the injury, tbe more complex is tbe 
paralysis. And if it be, as sometimes happens, 
quite high up, the feet, the arms, and tbe body are 
all paralysed. Such a person, placed in bed, with 
the clothes thrown over his body, has no con- 
scioasness of any part except the bead. Any in- 
jary inflicted upon the arms or legs, will not be 
followed by pain, and will not give bim any per- 
ception of the existence of the distant parts of the 
body : as far as^is own consciousness goes, he is 
only a livioi; bead. The roots of tbe nerves are 
attached, it will be remembered, to the spinal mar- 
row at definite points throughout its whole length ; 
one series of roots, the motory, being attached on 
a line about one third of its circumference from 
Its centre, in flront, and tbe others at a correspond- 
ing distance from the centre, behind. 

The question arises, whether the parts of the 
si>lnal marrow, to which the different roots of the 
nerves are attached, also have different functions— 
whether the spinal marrow is provided with fibres 
on tbe front side, which transmit motory influ- 
ences, and on the back side with other fibres, 
which transmit sensory impressions. 

Sir Charles Bell was led to infer that the spinal 
cord could be divided into different tracts. He in- 
ferred that the tract of the spinal marrow which 
corresponded with the origin of those nerves, 
was sensory', conducting the sensory impressions ; 
and the other part was simply motory, and corres- 
ponded to those conveying motory influences. 

Anatomical evidence exists in support of that 
view. For, if the nerves are traced into the spinal 
cord, in tracing the nervous fibre into its sub- 
stance, it is fonnd that they pass Ia and then as- 
cend towards the brain : the nerves passing up are 
supposed to be continuous with the nervous fibres, 
which go to make up the brain itself. So that you 
have the anatomical evidence, as far as it goes, in 
favor of this view. The evidence of experiment 
also goes in support of it. For when the spinal 
chord is divided into two portions, by cutting it 
through with a knife, if a stimulus be applied to 
the front part, or motory portion of the upper seg- 
ment, it is found that no result follows : if it be ap- 



lulled, howeTer,to the corresponding part of the low- 
er segmentjt will be followed by contractions of all 
the parts below, so that this tract transmits an in- 
fluence which causes mnscular contractions. On 
the sensitive side, if a stimulant be applied to the 
chord on the upper segment, pain immediately fol- 
ows. But if it be applied at the same side of the 
lower segment, there is no result. If a stimulant 
be applied to tbe posterior part of the spinal chord 
after it has been divided, there is a sense of pain 
experienced ; but if it be applied to the anterior 
part, muscular contractions are excited. These 
facts assist in proving^that one part of the spinal 
chord is a conductor of motory impressions, and 
the other part of sensory impressions. 

Evidence of various kinds exists in support of 
this conclusion. And if it be desirable to cite in- 
stances, they exist in considerable' numbers in the 
records of surgery. I will refer to one only, in- 
asmuch as it answers as much the purpose of an 
experiment as if it had been made expressly for 
the purpose. 

The case was that of a man, an officer of the 
Municipal Guard of Paris, who, during the time of 
the revi^lution in 1630,received a blow from a knife 
on the back of the neck. He fell to the ground, 
paralysed on one side, the paralysis being of mo- 
tion, but not of sensibility. The knife was broken, 
and the pnint was left in the wound. The man 
was carried to one of the military Hospitals, and 
all the symptoms were carefully noticed. His 
sensibility on both sides of the body remained en- 
tire till within a day or two of his death, which oc- 
curred about four weeks after the accident. It 
was found that the knife passed obliquely through 
the spinal chord, cutting off that portion which is 
in relation with the motor roots, but leaving the 
sensory root^ untouched. Here, then, was as ex- 
act an experiment as could be desired : dividing 
one part and leaving the other untouched, and ob- 
taining a result in accordance with the views de- 
rived from actual experiments of Physiologists. 

This interesting case, in connection with the 
other evidence, only places this view in the light 
of a highly probable theory. For there are some 
exceptional cases, which are derived from disease, 
in which the opinion is not so well supported. In- 
stances are on record,in which the spinal chord was 
very much diseased, without the results following, 
which the preceding statements might lead us to 
expect. At the same time, the evidence from ex- 
periment is uniformly on one side. The excep- 
tional cases are from diseased conditions, and 
these every Physiologist knows are the most difli- 
cult to reduce tq any rule. The spinal chord, then, 
may be certainly regarded as a conductor of mo- 
tory and sensory influences, between the brain and 
the distant parts of the body ; and it is rendered 
in a high degree probable, for it cannot be said to 
be certain, that the anterior part of the chord is the 
conductor of motory influences, and the posterior 
of sensitive impressions. 
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TtaerA are certain otber phflDomena which h«re 
their source ia the chord itself. Every one U fa- 
miliar with the fact, that some reptiles, when the 
head has been cat off, still continae to move after 
decapitation has been effected. Tortoises have 
lived weeks and months in this condition. If left 
to themselves, there is, after a short time, no mo* 
tion, independent of external stimolasi but if a 
part of the body is touched with a pin or needle, 
or the tip of the flnffer, it moves ;— or if the leg is 
drawn out and pinched, it is instantaneously re- 
tracted. These results are so common, that it is 
only necessary to mention them in order to brin^c 
to miod what many of you have often observed. 
It is important, however, because it shows thait 
movements may take place when the brain does 
not exist. They do not precede a stimulus on the 
surface, but always follow it. It requires a sensi« 
tive impression to begin with, and then there fol- 
lows a muscular contraction. 

The anatomical arrangement by which this is 
effected will be understood by the flj^ure (which the 
Professor drew on the blackboard.) If you have 
a section of the spinal marrow, there come off 
from it both kinds of filamentSt motor and sea- 

m 

sory, which unite and form a common spinal 
nerve. As this nerve passes into distant parts of 
the body, it divides into different branches, some 
of which go to the surface, and others to the mus- 
cles. 

In the case of the decapitated reptile, when an 
impression is made on the skin, it is tra^ssmitted 
along the posterior root to the spinal marrow, but 
cannot go to the brain, and muscular contractions 
follow ; but as these never result from the inde- 
pendent action of a nerve, the source of these con-' 
tractions must be in the spinal marrow itself. The 
influence originating in the chord is then carried 
along the motor roots to the muscles. That this 
is the case is shown by dividing the posterior 
roots, and then, whatever impressions are made on 
ihe skin, no result follows from the irritation. 

I have spoken of fibres passing up and down 
the chord to and from the brain, and which are in 
relation to sensation and voluntary motion. There 
is another series of filaments, which, instead 
of passing to and from the brain, pass only to and 
from the ctntral portion of the chord, and these 
are regarded as the conductors of those influences 
which produce the phenomena just referred to. 
Flatk CIY. In passing from the spinal 

marrow towards the brain, we 
find that before it reaches that 
portioi) of the nervous centres, 
it undergoes some change in its 
form, becoming somewhat enlar- 
ged, forming what is called the 
" Spinal bulb," or Medulla Ob- 
longata." This portion lies just 
within the cranium, and Is usu- 

ar^iton and ^. ^"y described as a part of the 
nai Bulb of Man. brain, and consists of fibres | 
which ascendiand descend,and of the vesicular sub- 




■teiMt« which oocqpiM th^ceiAnil p p rt to a , wtA !• 
oontinnons with the same substance in the spinal 
marrow itself. Ita enlargement or bnlging ie caused 
by an increase of the vesicular substance* whieii 
occupies the central portion, and which, by pressiotf 
out the white substance, gives it its peculiar form. 

This is regarded as an tndepeodent portion of § 
the axis, having functions quite different from Ibe 
chord below, and independent of the br^a above* 

The nerves which are In connexion with thto 
portion, are those which go to the organs of respi- 
ration, to the windpipe and respiratory surface of 
the lungs, to the organs concerned in the act of 
swallowing, the throat, and stomach. All tho 
other portions of the cerebro-spinal axis may be de- 
stroyed in animals without necessarily producing 
death. Some animals are bom without brains; 
the **spinal bulb*' being entire, life eontitatiei for • 
certain t>eriod. 

Flourens exhibited in the French Academy of 
Paris, pigeons, in which the brain ^s removed, 
and they remained standing on their feet for sev* 
eral weeks after this experiment had been made. 
The experimental Physiologists, especially Flou- 
rens, have demonstrated that in Birds and Reptiles, 
the brain above, and the spinal cord below the 
** bulb,'' may be removed, and yet life continue for 
a certain period. 

The accidents which occur in the human body 
show that all the parts below this may be cut off, 
without there being necessarily any destruction of 
life. A person who has a fracture of the neck doe^ 
not necessarily die instantly, but remains in the 
state of paralysis of all parts below the injury 
even many days, before death will ensue. These 
two classes of observations— those in which the 
brain has not existed, and the others in which the 
spinal chord has been cut off belbw. In experiment 
or from accident— would seem to separate this por. 
tion from all the rest, so as to enable us to distin- 
guish the precise function of which it is the seat 
Now,when thus insulated from the rest, it is able to 
carry on the movements of respiration, and also 
to influence the movements of the heart so that 
life may be continued. If, however, this segment 
is the seat of injury, death instantly follows. Injury 
to no other part of the nervous system is followed 
by such instantaneous death as injury of the spi- 
nal bulb, or Medulla Oblongata. The common 
practice in Europe of killing animals is by pitting, 
as it is called— by thrusting a knife into the Medulla 
—and death takes place instantly. You might thrust 
a knife into the brain, or into the spinal cord, and 
death would not be the immediate result. Instances 
occur in the human body, which show how neces- 
sary is the spinal bulb to the continuation of life. 

Sir Charles Bell has collected instances where 
instantaneous death has followed injury inflicted 
upon it. One instance recorded by him, occurred 
in the Middlesex Hospital In London. A man 
who had fallen upon the back of his neck, after 
having remained in the Hospital a few days, sup- 
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podDff tlMt h* WM fntlNtr iMU, wMopom the 
pcinlof IskTing; whSB M be WM abciM M MjMimf- 
tblag to e ftiand, he larnsd hii heed wittioBt tara- 
karbia bedy, and fell deed. On ezemhielhHi, It 
vae li>imd tliat tbere irai a frectniv of tbe bonei 
near the baae of tbe eknll ; bat tke; bad nel been 
diiplaoed till chli nshick; Bccldsni oocsired. Bis 
eoddee motlen of (ke beed havlDir dbpIaOMi tfie 
fncnucd pieeea, they oene la coMect with tbe 
epinaltMilb, aod leitaitaitaonB death firibn*e<L 

Befbre leerlBir Ibl* portion of the nerTons ejt- 
teni, I ibati have no opportnelty iDore faTorable 
to oaU alleMloQ to enoiher rBDctioa, of whtcb 
lUe part la the wat hi Electrical Fisbea. There 
■n ftiBr Keaerti of ElecirlGal Fishes, viz ; tbe Tor- 
' pedo, Gymnolns or "Electrical Eel," tbe Siltinu 
Blectrfcnl and Tetraodon Xl«etrlcaB. TbeTorpe- 
dee are fonnd in Earope, In Sonth America, and 
woently a new apeeiee baa been descritied bj Dr. 
ttanx, wUth 1* fonnd on both side* of Cape Cod, 



The Electrical Eel is lonnd onl; in South America. 
If ooe hand be placed on the upper and the other 
on tbe under side of a Torpedo when alive, a shock 
like that from an e^ctrfcai machine is felt. Precise- 
Ij the same result follows if [be Electrical Eel be 
ffrasped with ooe hand by the bead and with the 
otbei b; tba (ail. Tbe observations of Earopeon 
naturalists, aod of Dr. Slorer io ibig conntry, ail 
KO to prove, however, that direct contact wfih the 
risb is not !iece5Bary. The Neapolitan ashermen 
Teal the ebock when they take bold of tbe nets, or 
when a bucket of water is dashed upon the Fisb, 
the electric current pBesinK tiiong tbe threads ot 
tbe fluid. 

That this cause of the shock is identical with 
common electricity. Is proved by ail tbe teste men* 
Honed in tbe last lecture. If tbe current from the 
electrieal Fishes be passed throash a mineral soln- 
tton, by causing it to pass along a spiral wire, 
tbalsoiatlonbecomesdecomposed. A needle placed 
irilhin tlie spiral Instaatly becomes maKoetlc, and 
If it be near a maniellc needle, tbe latter cbanj^ea 
to a petition more or less at right angles to tbe 
former. So that there c in be no sort of doabt of 
thenalnre of the agent by which these phenomena 
are produced. With regard to the spparatna by 
wbichitiseffected.ttistUBdeDpofaBeriesorprisms, 
of an hexagonal fbrm, extending (rem tbe upper to 
the under surfaceot the body. These prisms are di- 
Tided into several smaller sections, by transverse 
membranes nronlng across them, forming cells. Be- 
tween the prisms there exists a net-work of nerves. 
On pasiing towarda ibe brain.to find out the source 
from which theae nerves are derived, you find that 
it is Dvm the upper portion of the spiuai marrow, 
' or spinal bulb, which ii so mach enlarged a* to 
form B mass itreater than the brain itself.— 



The electrical nerrea glvea off turn these lobee, 
an lODjter tkan tbe spinal cord Itself, and are Indt- 
CBti«ns of tbe great aedv ily of wh|cfa they are lh« 

PLiti CTI. The electrical organs of the 

Gymnotas have an arrangement 
somewhat different. Instead of 
being on tbe side of the head,u 
in the Torpedo, tbey occupy the 
space between tbe flns and the 
extremity of tbe (ail,constltQt- 
lug a large portion of its whole 
bulk. The electrical organs 
are shown In the section (Plate 
fSrctiui of Gfrntulua (JVI). 

The (act that under tbe influence of the nervous 
system electricity is generated in a distant part of 
the body, has been regarded as oneof the prooft 
that nervous Influence is identical with electricity ; 
It, however, is no more evidence of tbis. than that 
the nerrons iDfluence Is Identical with muscular 
contractility. The muEcnlarflbre is endowed with 
coutrHctilily. wblcb is brought into play under tbe 
inflneucB of the nervous system But the con- 
tractility does not reside in the nerves. 

The electrical orsans have the power of gen- 
eratiuR electricity, which may be called Into action 
ander the influence of the nervous syatem. The 
latter transmits simply an Influence which CKcitea 
them to act. bntMmteucci has sliowu that, when 
tbis Inflaenoe is passing from, tbe eieclric lobes, 
there are no more indications of an electric 
canenl.than when amnscle Is excited to contract. 
The electricity is developed only Id the battery of 
the Fish. 

t II. In tbe Flying-flsb, end the Triglaor 

Gurnard, where tbe Qqs aro adapted to ■ 
kind of locomotion nnusnal in Pishes, 
there exists at that part of tbe epiDal 
I [ bulb, from which the nerves to tbe pec 

toral fins are derived, a series of ganglia 
(Plate CVII), which seem to be In rela- 
tion to their great activity. 
, Passing from the spinal bnib, we come 
to a aeries of ganglionic mnasee. which 
^"^^ collectively constilnte the brain. Of 
SwniDd. these we can form the simplest idea bj 
commencing at the lower extremity of the Ver- 
tebrated series and tracing U through its modifl- 
cations as we ascend. 

Fun CVill, A Fun CVIII, B. 

^ In the brain of a Fisb, 
W (Plate CTIII. A and B 
B we have everythlni; rt 
g^ dnced to the greatest di 
J|& lli'ce of simplicity. The 
^^P whole consisting ef tbe 
^51 fallowlDg.parts:-flnt, a 
wF single rounded body e 
gS the termination of tbe 
a^^ spinal marrow; In front »„■," ^^^ 
Conftr&t.at tbis, two rounded jutivuw. 



DUMMi, (be optic lobaa; in f1r«nt of th«M,i( m 
■Initle mail, whicb hu received the nune of Pi- 
neal Bodr. the fnnctlong of irblch are not known; 
io rroot of this', two other lobe), which give off no 
neirea. bnt, like tbe pree«dlDK muH«, are con- 
necUd with (be Ipinal chord ; laitlr, the olfactory 
lobei In front, which kIto nerfM to the noee. On 
Dm nnder side ol tbe brala, ( Plate Cna, B, 1 ihere 
exiit two roDDded bodies not Been in tbe preced- 
ing *lew, and a third, tbe pitnllair bodj. Tbeie 
different partaiconatltnte the fandamenlal portions 
of the brain, and are lepeated thronfth all tbe 
memben of the Yerlebrated eerlei. 

As fu M tbe connection of the parts of tbe brain 
with the spinal marrow Is made oat In animals, it 
teems to be as follows ; The Dbrei of the spinal 
chord, as thej pass forwards, fc>*e off branches to 
each of tbe saogUa In sncceulon— first to the cere- 
bellnm, then to the optic, cerebral and olfactoi; 
lobea— witb regard to tbe otber bodies, the pineal 
and pitaltary, this conneclioo witb the chord is not 
made ont. 

In treating of the Phjaloloffr of tbe brain, noth- 
ing like certainty exists witb regard to all tbe dif- 
ferent perls : the functions ofsdmeof the parts are 
exactlj settled, bowever mscb donbt may remain 
OTcr others. 

In discasalng the nincClonB of tbe several por; 
tlons. I will cammence wlib the posterior, and ex- 
amine them In derail. 

First, is Che elriKie Organ, called the Gerebellnm. 

This addition to the spinal marrow gives off no 

Pu™ CIX. nervons flbres 

It, therefore, is 



daencB directly 
I to other parts of 
I Ihebody.ltisin 

ever, with both 
kinds of fibres, 

from the ininsl marrow. For some of the flbres 
Of tbe anterior and posterior tracts are continned 
Into this organ; so (bat whatever its fnnclion be, 
it mnal be snpposed lo have sometbing to do with 
Mosalion and motion. Tbe results wblcb have 
been obtaioed by experimental Phjsioloi^ts. and 
which are bome oat by Comparative Anatomy.are 
in accordance witb those obtained by Fionreni, 
who regard!! Ibo ceretwiium as the centre which 
presides orer the co O'diaalion of the mnscles. Or 
tbal power by which a number of mnscles are 
made to act Bimnicaneonslr and for a common 
end. as in standing, walking. Hying, all of these 
requiring complex mnscnlar actions. That this 
view is true, the following evidence is addaced : 

In experimeoliag on the cerebellum, it is uni- 
formly (ound thai when It baa been wounded or 
removed, the animal at once loses his control of 
the neceisarr combination of muscular contrac- 



Uou to efliKt tke ordlaiiT mremMta of loeo- 
Biotlou. If a bird tknf mnttlatad nnderti^Mta 
walk, tbe diffarant parts which ordinarily coope- 
rate, do not act logetber ; one wing ia raised whilu 
tbe otber i« depreased, and tlie motlooi of Uie leg* 
areltkewlifl derftnged. 

It is not, hdwQver, from axpedmenti that Iha 
(iroDgesl proof In support of tbis doctrine is de- 
rived ; the best evideno* it derived Hum Compara- 
tiveADatomy— evidence, tbe value oTwblch depends 
npon tbe obvloos principle, that every tbing in the 
nervous system la conitmcted for eome special 
purpose; and thai every organ Is complex in pro- 
portion 10 tbe Complexity of its faocUon. Titer* 
is always this correspondence In tbe animal econ- 
omy, and lolttberels no exception. 

If it iM true that tbe eerebeUnm presides over 
the co-ordinatioa of tbe different movements of 
tbe body, we ought to find In tbe cerabcllum > 
gradual increase In Its complexlqr to oorrespond 
with the gradual advance made in the variety of 
muscular motions ; tbis U twme out by actual ob- 
servation of this organ in tbe animal series. If 
you compare tbe different races of fishes, there are 
some whose motions are slow, others wboM mo- 
tions are very active. In tbe Lamprey Eel, for exi> 
ample, which passes Its time In a great measure 
attached to some other Qsh. or to some snbitance 
at tbe bottom of the water, the cerebellum is very 
simple. In the Sharks, whose activity, and whose 
variety of motion Is the greatest in tbe class, the 
cerebellum— instead of being a simple band, as in 
the Lamprey, is quite long and com plex—i» thrown 
into a series of folds, (PI. 



CXI 



increase tbe 



amount of vesicular *ab- 
etance which covers iu 
snrface. 
In passing to tbe clasl 
Brain of SiaA. of Beptiies. there la bat a 

Blight variation in the complexity of this organ.— 
For there is but little .difleronce in their muscular ■ 
activity or In the variety of motions which they ex- 
ecute. Still, that there is a dil^rence Is evident; 
and there exists a corresponding difference be- 
tween the complexity of the cerebeliam and the 
co-ordination of motions; tbe Crocodile having a 
more perfect cerebellum than tbe Tortoise, and 
the Tortoise than the Frog, (Plate CXI. A & B). 
Fu™ CXI. In Birds there is the P"" CH- 



Ifco 

parison be made be- 
tween a gallinaceous 
bird, whose motions are 
principally those of walk- 
ing, and the bird of prey, 
whose acti vltyon the wing 
is so great, It le found that 
tbe cerebellum of the 
latter suntataet that o^, 
^the former. 
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Ammig llammals, there exists an Infinite verie- 
tj in the power of combining mnscnlar action. If 
the cerebellam be examined, as it exists in the 
Horse, or in the animals which are simply loco- 
motive, not nsinff their feet for seisinff or retainini? 
objects, it is foand to be mnch more simple than it 
is in the Doff, or still more in the Lion, which has 
the power not. only of using the legs in mnning, 
bat of taming its wrist and of corbing the fingers 
BO as to lay hold of objects. 

.And ascending still higher, the movements are 
found to be still more complex in the Monkey, 
and acquire their maximum of complication in 
the human body. One can hardly estimate the 
amount of muscular combinations which are ne- 
cessary to retain the body in an upright position 
and perform the intricate and varied movements 
of the hand. And it is in man that the cerebel- 
lum acquires the highest degree of development 
(Plates CIV & CIX, A and B). 

So far, then, this view has a great amount of 
evidence in its favor. Tbere is no other theory of the 
function of the cerebellum in which all the evi- 
dence conspires so satisfactorily as it does in the 
theory of Fiourens, which regards it as a co-ordi- 
oator of motion. In order to show that it is not 
the seat of other functions, or at least of intellect- 
tnal operations, it will only be necessary to state, 
that the cerebellum itself, when injured in the hu- 
man body, is not necessarily attended with that 



dlstnrbanee of the intaOeetiial Ametions which ex- 
ist when other portions, especially the cerebral 
hemispheres, are injured. 

In fh>nt of the cerebellam are two rounded bo- 
dies, called the optic lobes, and, in the higher Verte- 
brates, these being foor in number, are called 
corpora quadrigeminat connected with the organ 
of vision, and about which there is no questioa 
as regards their use. These will be referred to in 
connection with that sense. In front of the optic 
lobes there is a single mass, called the Pineal body 
or gland, of small size in fishes, but acquiring a 
greater size in the higher animals. It is a body, 
however, the function of which is entirely nn« 
known, bat has acqaired some celebrity from hav* 
ing been regarded by Descartes aa the seat of the 
soul. i'. 

With regard to its structure, it consists principal- 
ly of vesicular substanceomd is connected with the 
adjoining parts by white fibres, and in the adult, 
almost invariably contains minute particles of 
sand. This sand consists of particles of phosphate 
of lime, and in a hundred cases it has not been 
found to be absent, except in a very few instances. 
In advance of this,are the two cerebral hemispheres, 
which present many points of interest, because, in 
them the intellect is supposed to be located. The 
description of these and their nses will be taken 
up at the beginning of the next lecture.' 



LECTURE XI. 



In describing the brain, in the last lecture, it 
was foand that the simplest condition in which 
this presents itself, is in the Fishes, where it is 
made up of ganglia, or lobes, superadded to the 
•pinal marrow. The first of these is the Cerebellum ; 
next, the Optic Lobes ; in front of that, a single 
Pineal body, very small in Fishes, bnt acquiring a 
larger size in Mammals, though not the largest 
in Man : in fVont of this, the Cerebral Hemispheres; 
lastly the Olfactory Lobes. 

These, with the Pituitary body and the Inferior 
Lobes, are called the fundamental parts of the 
brain, because they are found in all the members 
of the Yertebrated series. There are other organs, 
however, superadded, which are, in the highest 
races, ** organs of perfection,'' for the purpose of 
carrying on the functions of which these parts are 
the seat, in a more perfect manner. 

The substances of which the parts of the brain 
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are made up, are similar to those of the spinal"^ 
cord ; viz. the vesicular substance externally, and 
within, the "white substance," which is made 
up of fibres, like the fibres of a nerve. 

The determination of the fibrous structure of the 
brain was a most important step; for, until this 
was done, nothing could be efi'ected in the way of 
forming Just conceptions of its Physiology; and 
for this, we are indebted to Gall and Spurzheim, 
the founders of Phrenology. T*hey were the first 
to convince the Physiologists of their day, that 
such was the true structure of the white substance 
of the brain. 

With regard to the relation of the different por- 
tions of the brain to the spinal cord, it was stated 
in the last lecture that there are filaments which 
pass flrom the latter to all the different ganglia. 
This is best shown in the brains of Fishes, as the 
inperadded fibres in the hitman bn^in becpine so 
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nnmonms tbat it ii aliUQf t impos8il>le to follow 
|h«m from the spinal Qord into its difFereiit part9. 
In examiniuf^ the brains of Fishes, it will be re- 
collected that the surface of the different lobes was 
perfectly smooth ; except in the Shark, where the 
Cerebellum is represented as convoluted on the 8ui> 
face. In Birds, the, Hemispheres are lariter, but 
•mooth, though the Cerebellum is convoluted ; in 
Ihe lower Mammals.the Cerebral Hemispheres are 
smooth, as in the Opossum ; but, in the Carnivora 
it begins to be thrown into folds, or '' convolu- 
tions ;" and at last you arrive at the condition ex- 
isting in the Orang and in the human brain. 

It is estimated that in the human brain the ves- 
ioular portion is increased two and a half times, 
by being thrown into this series of folds, with a 
surface two and a half times as extensive. 

I have described the function, as far as it can be 
demonstrated, of the Cerebe11nm,which was spoken 
of as the organ which presided over the co-ordina- 
tion of motions, or which assisted in harmonising 
the action of the different muscles. This organ, in 
the ascending series, becomes more and more 
complex, as the function itself is more and more 
perfected. With regard to the second' pair— the 
Optic Lobes— I have left that for future consider^ 
ation, until I speak of the organs of Vision. 

With regard to the Pineal body, the function is 
unknown. The Cerebral Hemispheres will be the 
next subject for demonstration. Before speaking 
of the functions, properly speaking, of which they 
are the seat, it is an important fact to be borne in 
mind, that, although they are the seat of the per- 
ceptive faculties, they dee entirely destitute of sen- 
sibility, as is indicated by the uniform experience 
of the French schools of Physiologists, who have 
experimented on living animals, and as shown by 
accidents in the human body. 

A knife introduced into the brain of an animal 
is followed by no signs of pain, no indications of 
suffering in consequence of the infliction of this 
injury ; and accidents have occurred to the human 
hrain without there being any indication of pain, 
when the substance of the Hemispheres has been 
cut or lacerated. The best argument, however, 
which can be derived in favor of this view, is, that 
obtained from Comparative Anatomy. 

In studying the Cerebral Hemispheres in relation 
t9 intelligence, there has been a general tendency 
anong Physiologists to locate it in them, in con- 
s^nence of the injuries' to this part generally be* 
lag complicated with disturbances of the mind.— 
We know perfectly well that intelligence is the 
least in the lowest Vertebrate, and in the highest, 
is at its maximum. If there be any truth in the 
proposition that an organ is developed in propor- 
tion to the perfection of its function, we ought to 
find that the Hemispheres, or Cerebral Lobes,arein* 
creased as we ascend the series, and it will be only 
necessary to cast your eyes along these diagrams, 
to bff couvin^ed, ti^at as you ascepd in ^^ icale, 





these parts fiiuiaallT inoMse iatdavelopiiieDt and 
acquire their maximum of development in the ha- 
man body. 

In passing once more to the lower portions of 
the series, you have but very slight variations be- 
tween the Cerebral Hemispheres and the other 
Lobes, as in the Eel (Plate CVIII, A and B.) 

In the Sharks, however, (Plate CX) which art 
far more active, and manifest more intelligence in 
the pursuit of their prey, the cerebral hemispheres 
are larger than in any of the Fishes. 

Plats CXH, A. Plats CXII, B. 

In passing from the 

Fishes to Birds we have 

a manifest advance; the 

hemispheres being so 

far increased, that the 

Optic Lobes are in part 

covered by them. 
The Olfactory Lobes 

are the next in order ; 
Brain of Bird, fyni as they may be con- Bnrin of Bird* 

sldered in connection with the sense of smell, I 
will not refer to them now. 

Having completed a survey of the various parta 
of which the hrain is made up, we have next ia 
order, the consideration of those organs which, 
make us acquainted with the material world 
around us, which transmit to the nervous centres 
and to the mind the impressions which give us a 
knowledge of the properties of matter, which give 
us our ideas of form, taste, odor and motion. — 
In the higher animals there are organs especially 
set apart for the purpose of communicating these 
properties to the nervous centres and to the mind ; 
some organs which are capable of giving us limit- 
ed knowledge, as the eye, of light ; or the nose, of 
odors ; the ear, of sounds. But the skin is capa- 
ble of giving us a greater amount of knowledge 
than any of the others, and occasionally taking 
the place of nearly all of them. It makes us ac- 
quainted with density, with temperature, with 
form, with movements. It may also, to a certain 
extent, give us an idea of distance. It seems 
reasonable to suppose that the sensations of sound 
and taste are but little else than modiflcatlpns of 
the sense of touch ; but of this I will speak here- 
after. The senses of vision and smell, depend 
for thehr excitement upon an ethereal agent whol- 
ly imponderable. 

The sense of touch being the most universally 
diffused and the most important of the senses, pre- 
sents itself with its organ, first, for consideration. 

In examining the skin with reference to ftsr 
structure, compared with that of mucous mem- 
branes, I have already referred in part to the fact, 
that in higher animals it consists of a series of 
layers, which have been variously described ; but 
in a correct division, the skin may be regarded as 
consisting of two layers, (Plate CXXU) the true 
sl^n||iidthecntide« 
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fuxi CXIU. Connected witb the skin 

there is a series of ffland- 
nlar bodies, which I bare 
partially introduced be- 
fore, anticipating the 
8i;bjeet in another con- 
nection, whose fanction 
is to separate from the 
Section of Skin, blood its superflnons 

moisture. In the bacic of the neck, where they 
are the least numeroas, there are abont fonr han- 
dred to the square inch { and on the palm of the 
hand, where they are the mostabondant, there are 
more than two thousand. These glands are flit- 
uated just below the skin and communicate with 
the surface by little tubes, and opening there by 
orifices which are Tisible on the tips of the fin/iers 
and on various other parts of the body. 

PUM CXIV. The surface Of the true 

skin is the part which is 
the seat of sensibility, 
and in the most sensitive 
portions is provided with 
appendages, in the form 
F^v4Bit of SiMi, <jf pftpiiia, (Plate CXIV) 

eteh of which is pirorlded whh a series of nervous 
loops. 

PtAM CXV. ^g g^lQ Jj^ gt^U ^Q, 

ther element, viz., the 
cuticle. (Plate CXV) 
which is made up of nu- 
cleated cells in different 
Outiele. Stages of desiocation or 

diying. Those nearest the skin are rounded, and 
as yon approach the surface they lose by evapora- 
tion the flaid which they contain, and are jrradual* 
ly converted into scales or " scarf skin." Between 
Che two, htts been described a third layer, the ex- 
istence of which may be regarded as very doubt- 
ful. 

The more recent observations go to prove, most 
satisfactorily, that the difference in the structure of 
the skin, in the colored and white races, is not in 
the number of elements which enter into the for- 
mation of the skin, but is dependent upon the de- 
posite of a pigment in the interior of the cells : the 
coloring matter exists in the form of little jfran- 
nles, not unlike the deposite of chlorophyle in the 
interior of the cells of plants. That there is no 
material difference between the two, is also shown 
by the fact, which is not by any means unknown, 
of the gradual absorption and disappearance in 
the colored races, of the pigment fVom the cells, 
when they assume precisely the ai^aranoe which 
exists in the white races. 

Besides the skin, and the cuticle which invests 
it, there are other bodies which are appended to it, 
in the form of hairs, scales, feathers, &c. 

As to the sense of touch, of which the skfn is 
the seat, this presents itself in a great variety of 
conditions. In the Hydra or Medusa, the whole 
surface seems to be equally sensitive : if any part 




in the Hydra be more sensitive than another, it It 
probably the extremity of the tentacles. As yon 
ascend the series, particular surfaces are set aside 
for the especial purpose of sensation. 

In the Insects, the surface of the body being 
covered with an insensible shell, there ate 
certain parts whose function it is to trans- 
mit sensitive impressions. The antennss of 
most insects are such organs, and are used as 
tactile organs, as in the common Cricket, and es- 
pecially in the Ichneumon Fly, which touches al- 
most everything with the tip of the antennss, these 
seeming to guide it in its motions quite as much 
as the sense of vision. The Ants are provided 
with antennte, which they use most incessantly, 
touching the surfaces over which they pass, and 
when they mee^ seeming to make some commu- 
nication with each other. 

But the antennes of Insects have nndoubtedly 
other functions than to serve as the seat of touch. 
They are formed, in many instances, so that they 
are incapacitated from tdus serving ; as in some 
Insects, where they are provided with a series of 
leaves, which are arranged parallel, like the leaves 
of a book, but are never used to touch objects, 
the impression made through them being only 
transmitted through the air. 

Among Fishes the skin is generally covered with 
scales, and there are but few instances where a 
part is organised for receiving tactile impressions. 
In the Silnroid Fishes there are long filaments 
(Plate CXVII) attached to the lips and the an- 
gles of the month, each provided with a braach o^ 
a nerve. 

PiATi CXVI. 




plam cxvn. 



Siheroid Pish • 
In Reptiles, the surface is not peculiarly sensi- 
tive. In Frogs, where the skin is soft and yielding, 
the sensibility i§ quite acute. 

In Mammals, most of 
which are covered with 
hair, the sense of touch is 
most perfectly developed 
in those parts which are 
most uncovered and are 
brought in contact with 
the substances on which 
BrMnmUk Sauiiive 2Vir»# they feed. The sensibility 
of the lips of the Horse is very great, and many of 
tiie Camivora are provided with ^^vibrissers** or 
whiskers, each of which at its root is in contact 
with a filament of nerve, as in Plate Ct.VL 

In the higher animals there exists almost every 
variety of sensitive surface, especially as localized 
in the hand or its analagons parts. The fore foot 
of the Horse serves simply for support and loco- 
ilu>tion«aad covered with its hoof, is tiie seat of the 
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lowMl kind or Hntibflltr. In Ibe Dog It li not on- 
ly locomotl'e. bal tt li, to b certain extant, IMtlle. 
uid li andowed with & certain powsr of botdlnx 
object*. In the Lion, Ibe motions of tbe hand bs- 
ooin« mncb mor«n-M. It is not only ioconotlTe. 
bat It ii prebenilie, ai well a« tacUls. In the 
Bom It li not only locomotive, prehensile and 
tactila, bnt the two hands can be placed In opposi- 
tion to erich oilier. 

In the Honkies. the hand becomes more like tba 
hnman band. The carlcle on the enrflice to tbin- 
ner iban in the quadrnpedi.and the sense of tonch 
Is more acute. The homan hand ceases to be it 
IpcomotlTe organ, serrlDg only for prehension and 
loach. For to be a.loconiollve orsan, it malt rest 
on tbesroDDd, and support more or leas the weUht 
of the body, »lso have a cnticle wh^b shall be suf- 
ficlei^ly thick to protect it ; and this woald neces- 
sarily interfere with lis senslMlity. Whereas In the 
hnman hand yon have the catide qnlte thin ; and 
BOt only this, bnt the nerres, wblcb are the seat of 
Full CZTIU. , the sense of lodch, are 
eabnndantlyd erel- 
1 than In the Hon- 
or la tbe lower ttn- 
is, especially In the 
of the finfKrs ; bat 
e air the skin to 
e orleis aeasitlTe 
1 it has been » mat- 
>f Interest to ascer- 
Ad«( v* Batd. tain how the C'ps of the 

Snicers will compare in seasitiTencis with other 
parts of the body. 

Prof. Wobar, ft German Physiologist, has stsdied 
thto snbjact, sod xlven the rMqlt. altar testing the 
ComparBilTe senslbitlty of different parti of the 
skin. Using, oa a test, a p^r of dividers, be aicer- 
lalaed, in tbe flrsl place, whet was the smallest 
distance which the ends could be separated and 
reeogniied as two dtotlnct points. He found tbst 
/or the tips of the flngers the leut disuoce wm 
one-third of aline. The tip of thenUddle flnfter 
was fonnd to be the most sensitive portion where 
■here coDtd be recognized two points at the small* 
eat dlsUDce. Next to this, the point of the tongne 
WM moat seDsittve, where two impressions could 
be perceived when the points of tbe i 
were leparated half aline. On the mncons inrface 
of the lips two lines were necessary, on tbe tip of 
the nose three lines, on the palms of tbe hands Sve 
lines, on the lower part of the forehead ten lines, 
any tbinit less than ten lines gave bat a single tm- 
pr«ssion on this part of tbe skin; on the back of 
the hand fonrteen lines, on tbe bock of the fbot 
•Igbteen lines, and on the middle of the leg, tbe 
middle of tbe arm, and on the back, thedlstante of 
Ihir^ lines was neceeiacy. In those places the 
eompuses separated over two Inches from each 
' other resulted In a single perception. 

■Besides the ienilbillty of the skin, there Is an- 
otber MHUce of aioertaliilnc some of the proper* 



ties of bodies, whieh Is allied to the sense of tonch. 
That is what is called the muscular sense, by which 
we estimate the weigbt of bodies. Weight is esti* 
mated by tbe mtucular force necessary to resist 
the attraction ol a body by the earth. Whenever 
Impression Is limply made upon Che hand by a 
substance resting upon It, «b cannot form an idea 
of its weight as well as when it Is supportsd by the 
muscles. A person plac^g bis hand on the table. 
its back, a weight of 33 ounces inM 
placed in It. 8 ounces were added, or in some In- 
a; bat the person In whose hand ft 
was placed being bllndtbid, was not conscioa* of 
tbe addition of more weight nnless It amounted to 
eight, and in some laslanoes, twelve onnees. If, 
however, the haad was saslained by ihe mtisclei, 
then the addition of I 1 2 lo S ounces was readily 
detected, 

PuTi CXIZ. In the Mammal*, we have the ilm- 
pleit brelu in tbe Harsaplato ; in some 
respects more simple than in the bird. 
Id the Opossnm, for example, the Op- 
tic Lobes are q Bite uncovered, (as Plate 
CXIX.) lutbeEodeotla.asforexam- 
pie. lo the Hare, (Plate CXZ, A and 
B,) the lobea are stilt smooth. Ik 
looking at the brain from at>ove in iho 
Camivorayotiwlll And that the Olfac- 
BwtR^iAj tory Lobes are covered np in front, 
Of""'^ and the Optic Lobes are covered np be- 
hind, and the surface of the Hemispheres convo- 
luted, (Plate CXX,1 and in passing to the Orange , 
PuTi CXX- FLiisCXIl. 




(Plate CXXII,) the Cerebral Hemispheres have ac- 
quired soch an Increased llza as to cover up all Ihe 
other parts, except a portion of Ihe Cerebellum, 
whicb is sClil visible behind. In the Hamen brain. 
(Plata CXXIU) BO other ^lart Is vlalble bat the 
Cer^rum itself. 

Flms CZXU. ■ Puim CXXIIl. 
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In oomparinff the brain of man with that of the 
Onxig^ and that of the carniroroas animal, we find 
a constant adyance in the condition of the convo- 
lutions on the foldings of the brain. In the Cat 
they are arranged quite symmetrically, on the two 
sides. 

In the Oranff the cerebral convolutions for ihe 
most part, lose their symmetry. But if you com- 
pare the two sides of the human brain, no trace of 
symmetry remains. There are some general points 
of resemblance ; but if you compare the opposite 
sides you will hardly find any two corresponding 
square inches that are precisely alike. 

Here then, as far as comparative Anatomy iproes, 
there exists a gradual advance from the fish to 
man, in the structure of the hemispheres, these 
parts acquiring their maximum of developement 
io the human brain. 

It is interesting, in watching the development of 
the brain of the higher animals, to notice the fact, 
tiiat they pass through forms somewhat analogous 
to those met with in the lower races. The brain of 
a Mammal, for examples first presents itself under 
» series of bodies of nearly equal size, but which 
are not all arranged precisely in the same line ; 
there is a body in fh>nt, which corresponds with 
the olfactory iobes ; then the hemispheres ; then 
tiie optic lobes ; then the cerebellum, and, finally, 
the spinal cord, whieh presents a cylindrical form, 
diminishing in size towards the posterior part.-* 
There is a condition stfll earlier than this, when 
the nervous axis consists of a spinal cord alone, as 
iO'the Amphioxus ; but subsequently, to the ante- 
rior part, there is a series of bulgingsor vesicles, 
which are transformed into the fhndamentai parts 
of the brain. Then other parts are superadded, 
which give it the complexity which it has in the 
different races and in the human brain., Thus 
we have the brains of the higher animals in their 
phases of development, corresponding to the per- 
manent condition of the same parts, in the lower 
members of the series. 

If the cerebral hemispheres be the seat of in- 
telligence, we ought to have an argument not only 
flrom comparative anatomy of the brains of ani- 
mals, but from the comparison of the brains of hu- 
man beings The extreme differences which exist 
in the human races, however, are far less than the 
differences which exist between man and the races 
Immediately below him in the animal scale. Nev- 
ertheless, in comparing the brains of the human 
races with each other, or of individuals of the 
same race with each other, there baa been ascer- 
tained to exist a very considerable range. 

In order to establish correct comparisons, it it 
necessary to ascertain first what would be the av- 
erage size of the brain. This can only be ascer* 
tained by measuring in various ways large num- 
bers of brains. This has been done by several 
physiologists, especially by Dr. Beid of Edinburgh, 
who gives the average weight of an ordinary hu- 
man brain, as obtained by weighing fiAy-three 



brains of males, three pounds, two ounces, three 
and a half drachms. 

We ha^e now to compare, as far as practicable, 
this average weight of ordinary brains with that of 
persons, on the one hand, who have been remark* 
able as men of genius, and as possessing the high- 
est order of intellect, and with those, on the other 
hand, who are at the opposite extreme, possessing 
the least amoant of intelligence, as is the case in ^ 
idiots, which would form the lowest limit of the 
scale. With regard to the brains of men of the 
highest order of intellect,* there are but very few 
instances on record where they have been weiel^- 
ed. But the size of the heads of such persons is a 
sufllcient index to show that their brains far sur- 
passed the average size of those who are not in 
any way remarkable for superiority above their 
fellows. We have abundant evidence of the cor- 
rectness of this in the heads of Michael Angelo, 
Galileo, Bacon, Newton, Shakspeare, Napoleon, 
Cuvier, La Place, Humboldt. 

The largest brains, whose weight has been accu- 
rately determined, are those of Dapuytren's, a 
French surgeon, and Cuvier, the former not gener- 
ally known except in the professional world, but 
with all those peculiarities which entitle him to a 
consideration among men of great intellect, had a 
brain which weighed foar pounds and ten ounces 
The brain of Cavier, one of the most distinguished 
men in modem times for powers of analysis, meth- 
od, and capacity for grasping the ratural sciences 
had the largest brain, which has been accurately as- 
certained,weighing four pounds, eleven ounces^four 
drams, and thirty*8ix grains. Other brains have 
been recorded as exceeding this. Among them 
those of Lord Byron and Oliver Cromwell But from 
the excessive weight which has been ascribed to 
them, the record must be incorrect' The weight 
of Oliver Crom weirs brain was given as six pounds; 
more than one pound heavier than that of Cuvier. 
Soemmering had an opportunity of examining the 
skull of Oliver, Cromwell, but was not struck with 
its size being so much above that of an ordinary 
head, as this would indicate. Byron's head gives 
no indication ihat it would have served to lodge a 
brain so large as it is stated to have held, viz. : one 
weighing also six pounds. These two instances can- 
not, therefore, be received except with doubt. 

Let us pass next to the other side of the scale. 
Tiedemann has given the weight of the brains of 
idiots which fell under his observation, as follows : 
in one 50 years old, the weight was one pound eight 
ounces and four drams. In another, one pound 
eleven ounces and four drams. In another, 40 
years old, one pound aix ounces. 

Here, then, you have the average brain weighing ^ i^^-^ 
three pounds and 2 ounces, the h ighest four pounds 
and eleven ounces, and the lowest, the idiots, not ^ 
any of them, two pounds in weight. It is not to be 
inferred thato^ idiots have small brains, though it 
is quite true that excessively small brains are un« 
ening indications of feeble intellect The brain 
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may hare Its ayeraffe sfse, bat either badly organ- 
ized, or from some other cause rendered incapable 
of acting. 

In comparing the brains of different indiTidaalft 
it has been noticed that there is a great difference, 
not only in the number of the oonyolutions of the 
surface, but also in the depth with which they are 
folded in. 

It was noticed in Cuvier's brain, that the vesicu- 
lar portion was in much larger proportion to the 
white substance than was usual. In the Compara- 
tive Anatomy of the brain, it would appear, that 
as you descend in the scale, not only do the sur- 
faces of the hemispheres become smooth from the 
disappearance of the convolutions, but the vesicu- 
lar substance becomes thinner. 

In comparing the brains of the different human 
races, there is shown to exist some difference; 
though two extremes in the human race do not 
I vary more than five cubic inches. Dr. Morton, of 
Philadelphia, who has the largest collection of 
National Crania in the world, nearly one thousand 
in numb'er, has measured the capacity of them all 
with great accuracy, and has spared no pains to 
render his mode of measurement as correct as 
possible. He gives as the result of his investiga- 
tions, that the Caucasian brain, as indicated by the 
capacity of the skull, is the highest in rank, espe- 
cially the German and Anglo-Saxon, which has 
an average capacity of ninety cubic inches. The 
maximum Caucasian had a capacity of one hun- 
dred and thirteen. 
f Measuring the capacity of the brains of forty-six 
! native Africans, he found that the average was 85 
^ inches, five cubic inches, less than the Caucasian ; 
and between the two, came the other human races 
—namely, the Mongolian, the Malays, and the 
North American Indian. The North American In- 
dian coming n^xt to Che African, and above these, 



the HoQgoUao, and the MaUurs eomlug ant to the 
Caucasian. 

I have already mNrred to the faet that the Cere- 
bral I«obes, or Hemispheres, were doable— an im« 
portant fact to bear in mind in connection with the 
explanation of the continued healthy condition of 
the mind when a portion of the brain has been 
destroyed. There are abundance of instances in 
which one side of the brain hasbeei^iiijiired— 
where a povtionof the brain has been removed i 
and this has not interfered permanently with tho 
iateliectaal operations of the individual. Not only 
this, but there are instances on record where a 
whole Hemisphere has become disorganised, and 
the operations of (he mind carried on with, their 
usual activity. 

8Ur Charles Bell sives an lostaaee which fell u- 
der his observation, in a person who was epileptic, 
and from the time she was six years old had para- 
lysis of one side of the body. Her ''senses," bow- 
ever, were preserved, and her inteUigeoee was re- 
garded by her associates as good and active. Dying 
ultimately of disease of the Inngs, an examinaSlen 
was made with reference to asoertaioing the cmmo 
of the paralysis. The Hera&sptaere on the rigia 
side was found to be one-fourth of its natoral sioe, 
consistUig of a sac fiUed with flaid, also t«rro«nd<* 
ed by a flaid which oceapied the apaee between H 
and the sknll. Other inftaaoes are on record. 

If, howeTer,both Hemiepheiies be diseased, there 
is almost invariably a distarbaaee of the inteileisC* 

The most probable ezplanatioa of these facts is, 
that Hemispheres being doable, one may replace 
the other. There are two optic lobes, and there 
ace two Olfactory Lobes, which are known to act 
independently of each other, and there does not 
appear to be any strong o priori objection to the 
same holding true of the Cerebral Hemispheres. 



LECTURE XII. 



At the close of the last lecture, I described the 
structure of the skfn, as the beat of the sense of 
touch. This was shown to consist of two elements : 
an internal portion, highly organized, and an ex 
ternal, having a low degree of organization, and 
serving as the protecting organ of the more deli- 
eate part withm. The internal portion, highly vas- 
cular, is supplied with a large number of nerves, 
where the sense of touch is strongly developed ; 
also with secreting glands and ducts. 

The next organ of sense that will be described, 
aad which may be regarded as a modification of 
the sense of tooch is that of taste, having ite 



seat in the mneous membrane of the tongue* As 
has been stated. If the skin be followed over the 
Ifps into the mouth, it is found to be continuous 
with the raucous membrane of the mouth, and 
passes over the tongue; thus it is continuous wi^th 
the covering with which that organ fs invested ; 
and on examination, it will be found to consist of 
the same elements of which the skin is made up, 
only the papille are in the tongue far more high- 
ly organised than on the general snrface of the 
body. 

The )»apll]mof the tongue are of three kinds; 
one existing at the base of the tongae, another 
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mtterad otst the itenenU inrfkes and on tbe 
lidei. and anoihei icrlea, itlll Bmaller Mtd mora 
DDmeroua. The first of tbese ore conical; tbe sec 
and enlarfced and flaiuned at ibe topi and the oth- 
ers bave tbe tame form %a tbe precediD)( onei, 
bat instead of rising aboTS tbe inrface, are imbed- 
ded la it. These last are few Id number, and are 
•Itaated at the base of tbe tongne, and are arrang- 
ed in the form of a irlapgle, as Bbovn in Plate 
CZZir. ^acb papilla Ig prarided with a series 
rvoos loops, and covered with cuticle. 

As far as tbe alementa of 
the tissne in which tbe sense 
of taste is seated are concemed, 
they are pi^lsely similar to (be 
skin, excepllDK that (be papll- 
i(B, are at Cha mazimnm of de- 
velopment. In order that this 



P actiTitf , it Is neceesar; that tbe 
lt.r«,trptpiaa,f Bntw'anco which Is loaclnpon 
Tintn. it should be in a stale of sola- 

Don ; for it the snbstaDcet be insolnble, or K the 
iMRDg he diT,qo impression Is fell bat that of 
common tonch. 

Tbe lonaae, besides sabservlan the sense of 
taste, in a few InstBDcei snbseires an entirely dlf- 
Cannt purpose j and it Is aa interesllni; fact to 
took over the animal series and see how far na- 
ture deviates from a partlcalar plan, so that there 
are orKuns baviov a particular purpose, and in a 
'*ast msjorit; of Instances ruBlling purposes en- 
tirely differeoi. 

The (oagne 

sabserres an entirely 

dlffarwlt pnrpose fh>m 

8 that ol taste. The lODfiue 

^of the Qiraffe (Plale 

CXXT), form* a Ions 

. flexible orgaa, which al- 
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TiMgiu Bf Ai Gaafft. ^ ^msA, and by wl 
mall bodies may be taken op with easa 
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secrailon which se 
e 10 its surface. 
FuTi CXZVIII. 



The touEue of the 
Woodpecker (Plale 
CXXVIII), forms a sort 
of spear, wUh barbs on 
Its upper edge, with 
which It traniBxes In- 
sects and fjatts on which 
TmtutBfWoaiT"-^^- !' leeds. There are two 
muscles; one Is attached to the hill In front and 
passes arauud from the top of the loanue over 
the top (d tbe skin ; when tHat contracts i he tonffue 
Is protruded when the otbel muscle contracti, 
the tongue is dranu in. 

The sense of smell is not known to exist in all 
the members of the animal series. 

There can l>e no doubt but that many luverle- 
l>rate animals are capable of perceiviog odors, al- 
tbangh there is|no organ of smell which can be 
detected. If it exists, It Is donbiless at the en- 
trance of the respiratory oriQce, wbera the air 
paasea In and out. 

In Tertebraied animals, the organ of smelt exist* 
In two principal forms :asac,cootalDiDRnitbia it a 
folded qiembrane. each fold of which is provided 
with a iar^e supply of nervoas Qlamenis; and a 
canal, opening into the mouth at Its posterior part, 
and through wblcb the air passes daring the pro- 
cess of respiration. We have an illustration of the 
first fona in a Fish (Plate CXXIX). end of the 
sscond in the Human Body (Plate CXXX), which 
type also exists io Keptlles, Birds and Uammals. 
Pu™ CXXIX. Plats CXXX. 
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Tone"' <tf Ckamiltm. roajin of . 

To some Beptllcs, and more especially in the 
Chameleon (Plate CXXYI). tbe tongue serves tbe 
pnrpose of securing the Insects on which the an- 
imal subsists. It is eoiarged at its sxtremily, se- 
creting a viacid Quid, and when projected against 
tnsects, the; readily adhere to it. 

Tbe tODKue of the Ant Eater (PtaleCXXTH), 
nke that of the Chameleon, is covered with a vis- 



Physiologists consider there can be no qneslion 
as to the precise centre which presides over this 
sense— that is the first pair of ganglia, at the ante- 
rior part of the brain, tbe Olfactory Lobes. 

In tbe huioan brain, lbe«e Lobes are not so readi- 
ly delected, becauoo .tbey are propurtianallj so 
much smaller tban tbe Cerebral Hemispheres. In 
the Kangaroo, they are much more perfectly de- 
velo[ied tban in Man. And indeed in Uau, they 
are far inferior to what they are in many animals 
quite low In the scale. We can judge of this, not 
only by the size of Ibe ganglia, but also by tbe size 
of tbe cavity which contains the brain, as com- 
pared with the cavity which contains tbe organ of 
sme'l. It yoD compare tbe human shuU with 
that of the Antelope, Ibe Deer, and oibers.you will 
find tbe cavity which lodges tbe brain to be very 
small In tbe latter, and that wblcb Is tbe seat of 
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the flense of smell to be several times larger; 
a very different state of tbiDKS from what exists 
in the human head. Jadgincr, tben« merely from 
the 8ize of the organ, we should be justified in say- 
ing that U exists in a far higher condition in many 
animals than it is in the human body 

The organ seems to be more perfectly developed 
in the Carnivorous and Ruminant animals than in 
any other members of the series. Birds are said 
to have this sense very acute, but it is far more pro> 
bable that they principally depend upon the sense 
of sight 

It has been supposed that the Ynltures, who have 
the power of perceiving the carcasses on which they 
feed from a great distance, find them by the sense 
at smell. Mr. Audubon found that an animal, 
dead for several days, covered up by bushes so that 
it could not be seen,but was not noticed by the Vul 
tures. They sailed around at a great distance, but 
did not seem to be aware of its presence. Yet in 
another case, where the skin was placed in an open 
space, stuffed and dried, so that no odor came from 
it, that was at once noticed. They came at once to 
the stuffed skin emitting no odor, when they would 
pass the carcass , unnoticed, though giving them 
the strongest indication of its presence through 
the sense of sltaell. 

The same remark holds good with regard to this 

organ, as with regard to those performing other 

functions. There is a metamorphosis in the form 

of the organs which are the seat of this sense. — 

Fi^Ti CXXXI. There is here a rudiment 

of the trunk in the Ta- 
pir. In the Elephant 
J'^ you have the nostrils so 
far prolonged as to serve 
the same purpose as the 
, tongue of the Giraffe, or 
even of a hand for it. It 
Zbptr. is a prehensile organ — 

The Bats of South America are provided with an 
external appendage to the nose, doubtless the 
seat of the sense of touch. At least that is the in- 
ference ; for the nerve connected with it is distrib- 
uted to the skin of the face. 

The next organ of sense, and one of the most 
complicated of the series, is that which is subser- 
viept to the sense of hearing. The Auditory ap- 
paratus is constructed for the purpose of convey- 
ing impressions derived from the vibrations of the 
air or water by which an animal is surrounded, to 
the Auditory nerve. The lower limit of the animal 
series, where an Auditory apparatus is found, is 
not easy to determine. In the Yertebrated series 
there can be no difficulty; foryou can trace the 
organ by regular gradations, from the most to the 
least complex. Yet as you pass to the Inverte- 
brated series, it becomes almost impossible to de- 
termine whether an organ is adapted to be the 
seat of this sense, because you have not the anal- 
ogy of structure to guide you. 




At the base of the aateavse, latere is, in the Lob- 
ster, (Plate CXXXII), a projection covered with as 

Flan CXXXCI. Tlaxm CXXXm. 





Bear of Lobster. 



TermiiMtion of Awditorff 
Nerve, in loops 



elastic membrane and sac, on the wails of whieh 
are found the branches of a nerve. 

The simplest organ of hearing which is known 
to exist in the Yertebrated series, is a sac, with a 
semi-circular canal opening into it Passing into 
this sac, which is filled with fluid, there are fila- 
ments of nerves, some of which go to the com- 
mencement of the canal,(Plate CXXXIII), and oth- 
ers to the centre of the sac, in contact with parti- 
cles of calcareous matter in the form of fine pow- 
der. 

Yon have an addition of parts as yon ascend in 
the series. In the Lampreys, yon have two semi- 
circular canals, and in all the higher Fishes Uflere 
are three. In the higher animals these parts are 
repeated and others superadded. 

Here you have, in (Plate CXXXIY) the sac, five # 
openings into the cavity, two of the canals com* 

PtATE CXXXIY. PtAM CXXXY. 





Scar of Uu AMgler, 
mnnicating together. The 
Auditory nerve ailsef lh»m jg^^-^ ofSharH, mth the 

the side of the spinal bnlb, Orgeuu of Sense, Epe, 

(PUte CXXXV) tat i. not f^ ^jy^Sf 

provided with a distinct gan- taeked. 

glion or Lobe, like the nerve of the eye and the 

nose. 

As yon^descend in the series, in the class of Rep- 
tiles, there is superadded another portion of the 
apparatus, which is repeated in the Birds as well 
as in the Quadrupeds ; and that is, an addition to 
the sac— the cochlea— which is provided with an- 
Plats CXXXYI. other series of nervous 

filaments. There is, in 
addition to this, a vibra- 
ting membrane, (Plate 
CXXXYI), or membrane 
of the tympanum, and a 
bone, '"columella," which 
EarofaMrd. makes commnnicatii'4 
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wifli flrii^tbnttneinenbnuieuidftanld conUln- 
ed la the IiRbHcit oftbe lac 

In the Quadrapedt and In all (be UammBls, yoa 
have It aomewhat more conif les, but coaatrucied 
In the main preclBely on lb« tane plan M la tli« 
bttniaa body. la the c«ntnl portion, (Plate 
CXXXTII,) fon hare a put CMreapoDding 
Fun CXXXTU. 



to ttia lac. Behind tiiat there la a portion coiled 
np In a iplral form, wbicb Is only the cochlea 
more coiaplelely developed; and more externally 
Pun CIIXTllI. . there 1> the cavky of the 
tympanaTQ, a serlea of 
bonea (Plate CXXXVIIl) 
* Inatead of the colamelle, 
an external andllary ca- 
and external ear. 
In one of the flnl lec- 
Amb «/ Oi Est. torei, I refwrel lo the 

(cridnal disappearance of these para in the anhnal 
Hrlet. If iron examine the eara of the lower Uam- 
mala, yon ind Ibat the external ear bai dliappear- 
ed; In Blrdi, not only tb Is, bnt also a portion ol 
the eitemal canal; In Replllea, yon eome to the 
Tibratory appuatna, where tt li os the anrface ; In 
Tiihel, the Wbratiaff membrane has disappeared, 
and with U the caTJty of the tympannm and Ibe 
cochlea, and DOtblDK ^ left bat the Interna) appa- 

The nui of the mtM of the ear may be eaally 
•nonfch nnderttoed by a reference bi the eommoD 
principles of Phyiica. In Fishei,(PUIeCZXZIT) 
yoa have tbe mw filled with flald, and In that ~ 
iloatlsitihe fllamenu or the nerve. 

The Tlbrations of the water an cor 
nfcated to the skin, then to the fluid, and Anally 
to the nerrsi tbemaelTC*. Tibrationl are carried 
with great intensity throogh flnlde. If (wo bodlet 
be uxndk logethei ander the water, while the 
head Is beneath the BDrfhce,ttie sliiAiMt blow mad* 
by tltem will be tnuuinlit«d through a great dli- 

If the animal live In the air, an entlMly dlfferMit 
■trnctnre Is necessary, beoaue rtbratloiM in flie 
air are not transmitted with any degree of IntensI V 
to fluid*. IT tha ear be below Ihe Eorlace, and any 
noise be made In the air, it is tnuumltted throntli 
tbe water with bnt little Intensl^. Now, bow Is 
the Tlbralion In tbe air to be trantmitled lo the 
flnld In the c*rlty of the ear t This Is effected by 
be parti which are taperadded in tliOM anlmali 
9 



tfrtng above tbe Bnrthw oT fhe water. Tie i9in- 
of the oJr which are not easily tranawllled to 
'Star, are very e<*tly transmitted to a tense 
braae. If ainuaioal inatrnmentbe plajedoier 
ae membraof. as a drum bead. It la Instantly 
thrown Into Tlbrationa. a« will be found by 
placing graina of sand apon It which will more aa 
tbedram bead vibratee. It la tbe eame with (ha 
t)rane of (he ear, which will be excited by (he 
Boat delicate eoandl. 

: nexipoint latoaacertalabew tbevibratloni 
of this membrane can be translerred to the dald. 
That ia etfacled by the addition, in Bepilles and 
BIrda.otalUile bone,oneendnrwhlcb touches tbe 
Ttbrailnr neatirane, and the other reals nton the 
■■dlrary aac. The Impresalmi Is made from tbe 
membrane upon the little bone, or columella, and 
thence to the dnid witbin, and finally to the nerves. 
In Hammala there exists a series of bonea, which 
are so arranged (Plate CXXXTIll,) that they turn 
on two centres. One ol the arma or processes la 
lodged in an opening at the aide of the cavity of 
the tympanum ; aaoiher is attached to the oppo- 
site sloe ; a third Is attached to the onder surface 
of tbe vibrating membrane. So that when ihe 
membrane vibrates, the bonea are carried bock- 
wards and forwarda, Inmlag on tbe arms as on 
pivots. Tbe only iliffereace In this foi'm is, that 
Ihe bone, which makes an Impresalon npon the 
capeale wllfain, is at (he extremity of Ihe lever, 
Inaiead of being directly al the end of a straight 
bone moving lu tbe direction of Its axis, as in tbe 
Birds aud Reptile*. The cavity of tbe tympanum 
which is represented, la intended for the pnrpoae 
of allowing the membrane to vibrate IVeely air 
existing on both sides. Being tense, it le thus 
precisely la the condition of a dromhead, and the 
inlenaUy of ita vibration will be in proportion to 
its lenalon. In a drnm, in order to have the vi- 
brations produced In tbeir );reatelt intensity, there 
must be an openiof or " venl." so that Ihe air may 
pais In and out, offering no obstacle to tbe move- 
ment of tbe membrBDe. 

Precisely the same condition exists In the 
mechanism of (he ear. There Is a tube between 
the cavl(j of the tympaaam and tbe moath, called 
the Euatachlan tabe, which enables the pressure lo 
be equalized by the entrance and exit of air, as the 
case may require. Tbattbia la important I* ebown 
by the condition of the ear when this Inbe Is clos- 
ed. The tympannm no longer vibrates freely, and 
tieadngii much less perfect. Ton And proof of 
its Importance in tha experience of those who 
have descended In diviDd bell* to a considerable 
distance below (he tnrtact of the water or into 
deep mines. 

jU the diver descend*, he aoon experience* a 
rinfting In Ihe ears, which conttantly Increases as 
the air on the onlslde of Ihe tympannm becomw 
mora dense. This I* readily relieved by forcing 
air through the Eustachian tnbsa Into the ca*ltr 
of the tynipannm, and thns equalizing the densitf 
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on th« two adat. If the demitr on the ontalde b« 

tlte KKttoat, the tympaDic membrane Is bent in- 
wards, and the bones In conn eciloD with it presi 
more forcibly on tbe fiuid of the eac in coniact 
vltb the Dcrve. 

Tbe nse of the external portion of tbe ear hu 
been a eubtect of mach ditcnsslon, and it ia not 
jet perfectly determined, especially In tbe bnman 
body. In many of tbe lower anlmala its form Is 
■Qcb tbat it collects soanda, and transfen them to 
the Tibratlng membrane. 

But tbe hnman ear is so formed that It coald not 
act in this wa;,forifBonndsberffl«cl«dfrom ic,tbey 
wonld not be directed, when sirikinfi its outer por- 
tion, lo tbe Auditor; canal. There la fcround. bow> 
ever, for the tielief— as tbe experiments of Savut 
show— that it not odIj acts as a reflector, tmi M a 
condacior, and this last In vlnne of tbe elasticity 
derived from the cartilage. 

In passing lo tbe last organ of special senae, 
bare the eye, which may be regarded as the most 
delicate and tbe most complex of (be whole. The 
lower limit of the orKan of vision In tbe series is 
as difficult lo ascertain as that of beailnK- In 
passing through the Veriebraied Animats. 
tural analogy guides yon with certainly. 

Bat as yon paas to the lower members of The Be> 
Ties, mncb doubt exiata. The almpleai eye, 
propable, merely gives the idea of light. And 
something of this kind of BemlblliCy may 
to bi^diffused over tbe whole snrface of some of 
the lower animals. Tbe Hydra will change its posi- 
tion constantly, bo as lo secure the largest amonnl 
of light. If placed in a vessel partly shaded. It will 
always approach and remain in tbe lightest part. 
But there Is no one pan of the snrface which may 
be said to be more sensible to light than another. 
In Planaria, certain "eye dots" exist on the snr 
Pi, CXXXrx. fa"^*' about the head, each one of 

• these proilded with a filament ol a 
nerve (Plate CXXX12). It cannot be 
ahQwt> clearly tbat these are organs 
the series so regolarly after the more 
complex forms that bave been de- 
scribed, tbat we are warranted in 
regarding tbem as tbe analogues, at 
F!™"^ least, of eyes. 

Among Mollnsks, eyes are presented under a 
PuTi C2L. great variety of forms. In Pleu- 
TobraDChDS (Plate CXL) there are 
two eyes, on tbe upper part of the 
bead, having tbe structure of the 
veritable eye ; thai la to ear. (hey 
are provided with refraelive me- 
dia, which serve to concentrate 
the light. If ihey do not go so far 
as to form a distinct Image. The 
'n incapable of any motion, except as tbe 
bead moves. 
In the animal of tbe porcelain shell, the eye* are 



placed at tha bau ol tbt.teiitaele, m that th«r cm 
move as It moves. In otber IIollask«, aa in the 
FLiii CXU- animal of the cone shell. 

It is situated quite near 
lo the lip; and in tbe 
Acbatina (Plate CXLI) 
jnst at tbe tip. where it ' 
enjoys tbe greatest pos- 
JcAoitM. eible degree of mobility. 

In all of these instances, the eye itself is not 
moveable, bat the tentacle to which It is attached 

Passing to tbe ITantilns 

and Cuttle-fish, tbe highest 

of the Mollnsks, Nature seems 

al first slghi to bave receded; 

for tbe eye is again situated on 

tbe side of tbe head.— IFlats 

CXLII). This eye, however. 

is endowed wllh a properly 

which none of the preceding 

instances exbiblted; lllscapa- 

CMttUfiih. ble of being moved, aa in Ihe 

bigber animals and in man, independently of the 

pans by which it is surrounded. 

Among Insects, (Plate CXIHI) t)ie eye awtimei 

Fun CXLIIL the most complex form 

which It does among tho 

.whole animal series. Ton 

have the individual pari* 

themselves qoite simple, 

but tbe nnmber which 

make up tbe eye is very 

great, amounting In some 

iustaDces to several tboa- 




up on the surface of a se- 
ries of tnbes, lined wldiin 
by a coating of black 

pigment. There is anerv- 
ona expansion only at tbe 
Eve of Tnt/ci. inner end. These are so 

arranged, that althongh there be no lens— nothing 
to concentrate tbe rays of light by refraction, so as 
lo form distinct images— yet, by tbe aid of the 
tubes, all the rays coming from anyone part of an 
ottiectaie kept quite distinct from those coming 
from any other— as none of tbe rays, exeept those 
parallel to the axis of tbe tnbe, can reach tbe bot- 
tom so as to come in contact with the nerve. 

The eye* of all tbe Tertebrates are essentially 
after tbe same general plan, their principal modifl- 
cations being with reference lo the medium by 
which they are sarronnded. 

The nerves arising l>om the Optic Lobes In near- 
ly all caaesunite as In Plate CZLIT, then diverging 
enter their reapectlve eyes. If the animal live in the 
water, tbe lenses, as In the Cod. (Plate CXLT.) 
and Fishes Eenerally.and In the Seal among Mam- 
mals, (Ptaie CXLTI.l ere very nearly spberlca], so 
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Fun CZUV. 




FunCXLT. 



FyiofCo 



Tor lbs thnl- 
luil; of tbe deDsitJM of Ibe 
flaldB wICbin Ibe globea.and Ibe 
water, which Is ezurnal. 

Amons other Hammols, aa In 
Man, (Plate CXLVai >l«o 
Blrdi,ai In (Plate CXLTIID.lba 
difference between the densltiea 



of the ftlr and tbe flalda within the ere li lo grea 
Ihatalena of larEecarresit all tbatUreqairad. 
Fun CXLVII. 



Hitma% Syf- 

The rnnedes of tbe e;eg of all Vertebraiei, ar» 
lix iD.namber, fonr for the ordlaai7 motiona for 
directing tbe eye to different objects, and too dsr 
nominated "oblique mnsclea," oneof tbempusinit 
throDffb a pnllej.and which aerre lo xi^e tbe globe 
a rotaloiT motion on Ita axia. 



TWELVE LECTURES ON 
COMPARATIVB EMBRVOXOGX, 

Delivered before the Lowell Institute, Boston, December, 1848, and January, 1849, 

by Lotris Agassiz, Professor, &c., Cambridge University. Published by Henry 

Flanders & Co., No. 8 Old State Houae, Boaion. 

These lectures were phonographically reported for the Daily Evening Traveller, 
and carefully revised by prof. Abassiz. They are fully illustrated with diagrams, 
cut for the purpose, and are now pnblished in an octavo pamphlet of 104 pages ; 
forming one of the most valuable series of scientilic lectures which have ever 
appeared from the press in this country. 

These lectures have received numerous commendatioDS from literary and scientific 
gentlemen, of which the following are a specimen : 



■ Prof. Arnold Guyot, formerly of the Swiss 
noiversity of Neuchalel, and an as-;ociale there 
of Prof. Agassiz, has been delivering an able,in- 
teresling, and eloquent course of lectures in 
French, on Comparative Physical Geography. 
These lectures have been renoned and translaied 
for the Boslon Evening Traveller; a journal 
which has distinguished itself by the careful and 
accurale manner in which valuable courees of 
lectures before the Lo*(eIl Insliiuie and else- 
where, have been published in its columns; Prof. 
4.gassiz's admirable and original lectures onCom- 
paralive Embryoliwy, have been reported phono- 
graphically by Dr.^lone, and published with val- 
uable wood cuts ( Prof. Wyman'scourseon Com- 
parative Physiology are now appearing in the 
same general style. The edilora of the Travel- 
ler deserve ibe thanks of the reading public for 
fumLshing them with so much matter ol high in- 
terest and permanent value. — N. Y. Lit, World. 



Twelve Lectdres on Cohpiritjve Embatol- 
oav, &e. &c. The point of these LecLures is to 
demonstrate thai a natural method of classifying 
the animal kingdom may be attained by a com- 

Carisonof ihe changes which are passed through 
y different animals in the course of their devel- 
opement from the egg lo the perfect state; the 
changes they undergo, being considered as a 
.scale lo appreciate the lelaiive position of the se- 
ries. The views preseiiled are new and striking, 
and the work will be sought for wilh eager curi- 
osity by all interested in the study of Zoology. 
Professor Agassiz has embodied here every tbiiig 
that has been done abroad in this new field, and 
has added nuniero"us observaiions of his own, 
made in ibis couniry. The Lectures were first 
publiihed in the Daily Evening Traveller, hav- 
ing been reported by Dr. Stone, who uses the 
phonographic system. The completeness and 
accuracy of the publication may be relied on. 
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The il lustrations are abondaiit. It may be pro- 
cured by mail , price 25 cents. ' 

The Traveller is publishing two other courses 
of Lectures of great value in the same way ; 
One by ProfessQ^ Wyman, on Comparative Phy- 
siology, and the other by Professor Guyol on 
Comparative Physical Geography. The latter 
are delivered in French, and are reported and 
tranvslated for the Traveller. They are invalu- 
able in the present state of geographical study 
in this country. These JL^ectures make the Trav- 
eller^ this winter, to persons interested in such 
studies, like a package of new books. — Vermont 
Chronicle. 

These Lectures originally appeared in the 
Boston Daily Evening Traveller — a Journal 
which, by its full report of the various public 
Lectures delivered in this city— especiaHy the 
scientific — as well as by the general manner in 
which it is conducted, is entitled to high respect 
and consideration. The fruits of its enterprise 
here before us in the valuable lectures of Prol. 
Agassiz, we trust will not be enjoyed by others 
alone, but be returned in substantial profits to 
the Journal which was their source of publica- 
tion — profits from a wide sale of the pamphlet 
both among those who had and those who had 
not the privilege of hearing the Lectures, and 
from the increasing circulation of the Journal 
itself, which is no feeble contributor to science, 
to sound morals, and to a healthy tone of pub- 
lic sentiment Of the value of the scientific in- 
formation spread by Prof. Agassiz before the 
people, it is needless to speak. — Christian Reg, 

Lectures on Embryology — Through the ener- 
getic determination of the editors of the Boston 
Daily Evening Traveller to furnish their excel- 
lent ^aper with whatever can be useful and in- 
structive to their patrons, a series of lectures, re- 
ported phonographically, with extraordinary ac- 
curacy, by Dr. Stone, and given immediately to 
the public, with a great number of illustrations 
on wood. These lectures, which were admired 
by all persons of intelligence who were so fortu- 
nate as to attend the coarse, have just appeared 
in a thick pamphlet, with the numerous xylo- 
graphic cuts. It is a publication that should be 
in tne hands of every person who has a particle 
of interest in physiology or natural history. Na- 
ture's secret cabinet has been unlocked/aod some 
of her wonders in the plan of creation beautifully 
exhibited, in this admirable scientific perform- 



ance. Otfir Ittedical friends, of all others, 'Would 
be gratified with the publication.— B(»5f0« Bledi' 
cal JowmaL 

Agassiz's Lectures on Embrtolq0t -^ T he 
course of lectures lately delivered before the 
Lowell Institute, and reported verbatim for the 
Evening Traveller, by Dr. J. W. Stone, a phono- 
graphic reporter of distinguished excellence, have 
just been published in a pamphlet by Redding &, 
Co. with good engravings of the various illustra- 
tions made use of in^ihe delivery of the lectures. 
This pamphlet is well worth the attention of all 
scientific men, particularly the investigators into 
subjects of natural history. — Boston Journal, 

Twelve Lectures on Comparative Embryolo- 
gy. By Louis Agassiz. To the students of Zo- 
ology this publication will be a great boon, the 
subject being new, and the author's fame so great 
as a aealons, truthful, and pains-taking Natural- 
ist. These discourses were delivered before the 
Lowell Institute, in Boston, during the months of 
December and January last, and their object is 
to point out a natural method of classifying the 
animal kingdom, through a comparison of the 
changes undergone bv different species during 
their transition from the egg to the perfect state. 
Upwards of a hundred wood cuts illustrate the 
information given .and the theories laid down : 
these wood cuts are very effective. They give 
the objects, outlined in white relief upon a black 
ground, and render the subject intelligible to the 
most ordinary capacity. Boston has done wisely 
ia securing tne scieotifi^c acqulremenis of Profes- 
sor Agassiz, and in enrolling his name amongst 
the lecturers of the far-famed Lowell Institute. — 
N. Y. AUrion. 

Twelve Lectures on Comparative Embryol- 
ogy, Ac. This pamphlet of 106 pages ^las several 
interesting features. The subject itself is curious 
and instructive to the devout student of nature. 
It is presented in a popular form by one of the 
first scientific lecturers in ourcountrv. And this 
course of lectures, delivered gratuitously to the 
poblie, under the auspices of the Lowell Institute, 
is now published, with the accompanying plates 
for 25 cents, from verbatim reports made by the 
new system of phonography. Altogether it is a 
book of wonders. As we read it we are more 
and more filled with admiration at the power and 
wisdom of Him who giveth life to all.— iV^ Y. 
Independent, 
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